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ADDENDA  ET  CORRIGENDA  TO  PART  III. 


Page    901,  line  13  from  bottom, /or  "Weinsheimer"  read  "  Wiedi 

heim." 
II      912,  line  2  from  tap,  for  "Teleotomi"  rtf(w/"TeIeostomi." 
It      928,  line  1 7  from  top,  for  "  HyPocladodus  "  read  "  Hybocladod. 
fi      928,  line  8  from  bottom,/ur  "  Scilliida  "  read  "  Scylliida." 
ri      944.  Carcharopsis  is  identical  with  Dicrenodus  (p.  928). 
II      94S,  line  6  from  bottom,  before  "  no  basal "  add  "  usually." 
11      951.  Myriaeatttkus '^zs.  recently  been  made  the  type  of  a  disli 

family — the  Myriacanthidce  (see  Appendix). 
,1      955,  Ceratodus  has  recently  been  recorded  from  the  Stormb 

beds  of  the  Karoo  system  of  S.  Africa. 
II      965.  Pnigeacanthus  is  identified  with  Oracanthus  (p.  947). 
II       966,  line  1 1  from  top,  before  "  very  minute  "  add  "  usually." 
II       966,  line  5  from  bottom,  de/e  "  minute." 
II      967,  line  4  from  lop,  for  "  Carboniferous "  read  "  Devonian." 
II      969,  line  9  from  top,  de/e  "  and  Carboniferous," 
II       971,  fig.  gos,  for  "  Heberti"  read  "  HibbertV 
II       978.  Palaoniscus  occurs  in  the  Stomibei^  beds  of  the  Karoo  i 

tem  of  S.  Africa  ;  and  from  the  underlying  Beaufort  beds  a 

allied  to  Rhabdolepis  has  lately  been  described  as  Atherslon. 
II      979.  The  name  "  Platysomida  "  should  be  amended  to  "  P/atj 

matida." 
II       988,  line  22  from  bottom,  dele  "as  in  Belonorkynckus?'     '. 

genus  Belonorkynchus  has  recently  been  described  from 

Australian  Hawkesbury  beds  ;  while  Belonoslomus,  or  a  do; 

allied  form,  is  recorded  from  the  Lameta  Cretaceous  of  Indi 
II       989.  Hypsicoriniis  has  been  recently  described  from  the  Oxf 

Clay,  and  Eurycortmts  from  the  Kimeridge  Clay  of  England 
II     1004,  line  10  from  bottom,  for  "  Saurinichthys  "  read  "  Taurin. 

thys." 
H     1033.  A  species  oi  Bothriceps  has  been  recently  recorded  from 

Karoo  system  of  S.  Africa. 


ADDENDA   F.T  CORRIGENDA   TO  PART  IIL 


xi 


h|t  1035.  The  [ume  Piaiyops  bein>;  preoccupied,  may  be  changed  to 
Piat/opouatntt.  The  genus  should  apparently  l>e  included  in 
the  Aniugauuiwidit,  since  the  vcrtcbr*  ate  de»tril)cd  as  rbach- 
ttomiMn. 

■>  ioj6l  C^iiotattfus  also  occurs  in  the  Bunter.  Th«  superiority  of 
lite  oif  CopitQtavrus  over  Triwatfsaurus  renders  it  more  prob- 
able that  the  former  is  the  taine  aa  CAirtuaurut  (p.  1039]. 

■•  1036.  1037.  The  alleged  occurrence  of  Afast^doittaiirut  ^ganttui 
and  Atttopias  in  the  Rhxlk  rests  on  tn»ufficicnt  evidence.  The 
Utter  genus  is  stated  to  have  been  recorded  from  the  Conli- 
Kdta]  inttead  of  the  BntUh  Kha;tic 

"   KHi ,  boium  line,  li^le  "  and  may  not  improbably  be  identical  with 

■■  104J,  line  8  from  top,>r  "each"  rvad  "hind,"  and f^  "pes" 
rtad  "same."  AlyUt  occurs  in  the  Miocene  of  ^iau&an  i,Ritaa 
TrouktU).  Latoiaa  (p.  1044),  according  to  Cope,  is  not  allied 
ui  Ctratepkryi,  bui  beloa>^  to  the  DucogitmiMr ;  it  also 
occurs  in  the  Sausan  Miocene.  The  Palaobalrachida  appear 
10  connect  the  Ptlohahdx  u^th  the  AglosKn,  ah  represented  by 
d>e  DactyUthritla;  or  Xencpodida  as  they  should  properly  be 
called. — DMlyltihr-M  lieing  a  synonym  of  Xtn-tpas. 
1044.  The  name  CyitignatAida  should  be  replaced  by  Lcptodatiy- 

Ndf,  Cystigiuilhus  being  a  s)-nonym. 
loj?,  line  8  from  top,  A^<wv  "  characterised  "  aJJ  "  lypicatly." 
1057,  line  17  from  top,  bt/are  "  African  "  add  "  typical." 
(0^8-41.  Additional  characters  of  many  of  the  genera  are  given  in 

tbe  Af^ndix. 
(059.  line  4  from  \t)p,/cr  "  divided  "  read  "  undivided." 
lo>9t  line  7  from  top,/or  "  single  "  rtad  "  double.'* 
1108.  Oi-adia  is  distinct  from  Pal^ockelyj.    See  Appendix. 
1117.  line  10  from  bottom,  the  name  "  CycleitarbiHa  "  may  be  sub* 

siiiuied  for  "  Emydina,"  since  the  latter  is  preoccupied. 
IIS&  Since  hhl/tyosaurus p/al/edoH  differs  fnKn  all  other  species 
of  hfitkyoiaunts  by  ttie  smooth  and  cuinaled  crowns  of  its 
teeth  {^g.  1038),  it  appears,  on  the  whole,  advisable  to  regard  it 
as  the  type  of  a  distina  genus,  for  which  the  name  TemiKdantO' 
uuirut  in  proposed. 
tiyf.  Rht^iotaurut  prot-es  to  be  founded  upon  part  of  a  jaw  of 

Paekyrhtjodus  (p.  Q93;. 
1176,  line  J  from  top,/*r"  Kimeridgian  "  rtmi"  Ponlandian." 
1179,  line  18  from  top,  i»//rr  "  species  "  aiA/"of  ilic  former." 
1164.  fig.  1 130,  A  is  a  skull  of  ifam's,  and  not  £,/sida<t,  as  stated. 
157:,  lines  16, 1 ;.  from  lfift,/^r"/.t»tHfi/Afrium"  rfnd  '^  JJmnohyut:' 


PART    III. 

PALi^OZOOLOGY 
VERTEBRATA 

BY 

R.    LYDEKKER 


PART   III. 


CHAPTER    XLV. 

SUB-KINGDOM   VERTEBRATA. 

General  Characters. 

The  Vertebrata,  or  highest  types  of  the  entire  animal  kingdom,  are 
distinguished  as  a  whole  from  all  the  preceding  sub-kingdoms  (col- 
lectively designated  as  the  Invertebrata)  by  the  genera!  presence  of 
an  internal  skeleton,  and  more  especially  of  a  cylindrical  longitudinal 
axis,  termed  the  notochord,  which  is  usually  replaced  in  the  adult 
bv  a  series  of  cartilaginous  or  bony  segments  collectively  constitut- 
ing the  vtrlebral  column.  This  axis,  or  column,  separates  the  smaller 
dorsal  or  neural  tube  of  the  body  from  the  larger  ventral  or  visceral 
'h-cmal)  tube  ;  and  the  body  itself,  together  with  its  appendages,  is 
always  symmetrical  to  this  axis,  and  is  never  externally  divided  into 
>egments.  Limbs  may  be  completely  wanting,  but  when  present 
they  never  exceed  two  pairs,  and  are  always  turned  away  from  the 
dorial  or  neural  aspect  of  the  body. 

That  the  Vertebrata  have  been  derived  from  the  Invertebrata  at 
an  extremely  early  epoch  of  the  earth's  history  is  practically  certain  ; 
and  although  we  are  unable  to  point  to  the  direct  ancestors  of  the 
^ub-kingdom,  yet  we  have  an  inkling  of  this  relationship  exhibited 
by  the  presence  of  a  notochordal  structure  in  the  earlier  stages  of 
the  Ascidians,  while  there  are  also  certain  features  in  the  organisa- 
tion of  the  Annelids  suggestive  of  their  being  allied  to  the  primitive 
stock  whence  the  Vertebrates  took  their  origin.     Since,  however,  it 
is  probable  that  these  primitive  types  were  soft  animals,  it  is  unlikely 
that  any  light  will  be  thrown  on  the  origin  of  Vertebrates  by  means 
of  Palaeontology  ;  and  if  the  problem  is  ever  to  be  solved  it  will  be 
by  the  aid  of  Embryology. 
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Leaving  then  the  origin  of  Vertebrates  as  an  unsolved  problem, 
in  the  solution  of  which  the  palaeontologist  can  have  but  little  share, 
we  may  proceed  to  a  brief  survey  of  the  classification  and  chief 
structural  features  of  the  Vertebrate  sub-kingdom,  so  far  as  they  con- 
cern the  palseontologist. 

For  this  purpose  the  sub  -  kingdom  may  be  divided  into  five 
classes' — viz.,  Pisces  or  Fishes,  Amphibia  or  Amphibians,  Reptilia 
or  Reptiles,  Aves  or  Birds,  and  Mammalia  or  Mammals— of  which 
some  of  the  more  important  features,  from  the  point  of  view  of  the 
palaeontol(^st,  will  be  mentioned  under  these  respective  heads. 

The  first  and  second  classes  have  been  brigaded  together  by  Pro- 
fessor Huxley  under  the  name  of  Ichthyopsida,  and  the  third  and 
fourth  as  Sauropsida ;  and  these  terms  will  frequently  be  found 
convenient.  Other  writers,  again,  from  the  absence  or  presence  of 
certain  structures  during  the  course  of  development,  group  together 
the  two  first  classes  as  Anamniota  (Anallantoidea,  or  Branchiata), 
and  the  remaining  three  as  Amniota  (Allantoidea,  or  Abranchiata). 

Since  the  hard  parts  of  Vertebrates  are  those  with  which  alone 
the  student  of  Palsontology  usually  has  to  deal,  it  will  generally  be 
unnecessary  in  this  work  to  make  any  allusion  to  the  soft  parts  of 
the  body.  With,  regard,  however,  to  these  hard  portions,  it  is  ad- 
visable to  give  an  extremely  brief  sketch  of  the  more  important 
elements  of  the  Vertebrate  endo-  and  exoskeUion  for  the  benefit  of 
those  readers  who  are  unacquainted  with  the  elements  of  Compara- 
tive Osteology.  It  must,  however,  be  distinctly  understood  by  all 
who  desire  to  practically  study  the  history  and  structure  of  extinct 
Vertebrates,  that  it  is  absolutely  essential  they  should  have  that 
thorough  knowledge  of  the  osteology  of  the  recent  members  of  the 
sub-kingdom  which  can  only  be  gained  by  familiarity  with  actual 
specimens,  accompanied  by  patient  and  laborious  study  of  the 
numerous  works  on  the  subject.  The  following  sketch  is,  indeed, 
merely  sufficient  to  enable  the  reader  to  understand  the  meaning  of 
the  terms  employed  in  the  sequel ;  and  throughout  the  Vertebrata 
the  limits  of  this  work  will  necessarily  permit  of  only  some  of  the 
more  salient  features  of  the  skeleton  of  the  various  groups  being 
mentioned.  It  may  also  be  observed  that  those  groups  which  have 
wholly  disappeared,  or  of  which  the  palaeontological  and  evolutionary 
history  is  of  especial  interest,  are  more  fully  treated  of  than  those 
more  or  less  exclusively  confined  to  the  later  or  present  epochs,  and 
of  which  the  history  is  fully  recorded  in  those  works  to  which  the 
term  "Natural  History  "  is  usually  restricted.  In  the  majority  of 
instances,  again,  space  does  not  permit  of  allusion  to  species;  but 

'  A  sixth  clasj  —  Leplocatdii  — is  formed  for  the  receplion  of  (be  Lancelet 
{Amphiexus),  with  which  the  palKontologUt  has,  unfortunately,  no  concern,  as 
its  post  history  is  a  blank. 
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genera,  where  the  species  differ  conwdtr- 
ters,  attention  is  in  some  inKtaiice.s  tltrectcil 
to  Ok  mere  imponani  specific  t>'pcs.  The  student  must  not,  mor«- 
flfw,  expect  to  find  that  every  known  genus  of  fossil  Vcrtebratci,  or 
ecm  entry  family,  is  mentioned  in  the  following  chapters,  of  which 
tbeob^t  ii  to  enable  htm  to  t^in  a  fair  general  knowledge  of  the 
paa  hitcvy,  dimribution,  and  lending  ^cruciural  fcatuie^  of  the  bettt 
buwn  groups  of  the  various  classes. 

Conmeneing  with  the  outer  skeleton  or  exosMrlon  it  inay  be 
cbseiTed  that,  a»  a  rule,  the  palaeontologist  has  but  little  to  do  with 
sonctuiti  developed  in  the  tpidtrmis,  or  layer  overlying  the  true 
atin  n»  dermis,  ancc  these  generally  perish  during  the  process  of 
peOifectton.  The  scales  of  Lizards  belong,  however,  to  this  la)xr, 
and  ihcii  impressions  are  in  some  instances  preserved  :  while  in  the 
Cbtlonu  ihe  t>oundancs  of  the  horny  shields,  covering  the  bony  ^hcll, 
are  in  tome  instances  the  most  imporfint  characten.  by  which  fossil 
ipecintm  can  be  determined.  Occasionally,  again,  as  in  the  Solen- 
bcfai  Ankitepuryx,  the  feathers  of  Birds  have  left  their  impret;.^ion 
10  rockj  of  which  the  material  is  of  a  fine-grained  slruciure  ;  while 
Jtdl  more  rarely,  as  in  the  bony  covering  of  some  Glyplodonts,  pits 
6m  which  hairs  or  bristles  once  grew  arc  prcsctved   in   a  fossil 

Tbf  (krmai  cxoskektal  suucturea  are  of  considerably  more  ini- 

pORance  fmm  a  palseontological  point  of  view ;  and  it  should  be 

obnved  that  in  nearly  all  the  chases  there  appears  to  have  been  a 

fadual  tcndejicy  to  the  disappearance  of  the  bony  elements  of  this 

ikeleton  in  the  higher  rorms,  this  being  especially  marked  in  the 

otte  of  Fishes,      In  tlie  latter  class  the  scales  of  ;ill  types,  of  which 

ttler  menijon  will  bo  made  in  the  sequel,  belong  to  the  derniiR, 

and  in  some  forms  there  may  be  a  complete  dermal  armour  formed 

of  imbricating  scutes,  as  in  CaUiihtkp  among  the  Siluroids,  or,  as  in 

the  Coffcr-dshes  (Ostrac/on),  consisting  of  calcified  scutes  with  their 

edges  in  apposition.     Apparently  the  most  primitive  type  of  tlennal 

arroouT  in  this  class  consists  of  small  dcntirulcs  supported  on  l)ony 

pbtes  o'ld  it  has  Ijeen  found  that  sudi  denlicules  are  absolutely 

hooxdogous  with  true  teeth,  of  which  we  !>hall  speak  presently. 

The  bony^»«iw'  andjf«-*//w«  of  Fishes  are  another  developmenl 

of  the  dermal  skeleton,  which  will  be  noticed  under  the  head  of 

that  class ;  althoogh  it  may  be  obser\ed  here  that  many  of  the 

latter  arc  closely  allied  in  structure  to  teeth.     Again,  the  dermal 

skeleton  in  many  extinct  .\mphibians  and  Reptiles  takes  the  form 

of  a  more  or  less  complete  armour,  cither  on  the  ventral  or  the 

dorsil,  and  not  unfrequenily  on  1>oth  aspects  of  the  body,  con- 

'  TImm  tlcrml  fio-nys  mnsi  not  U  conrouinlcd  with  the  rullal  cartlln^  of 
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stnicted  of  solid  bony  scutes,  which  may  imbricate  or  overlap  one 
another,  like  the  tiles  on  a  roof,  or  may  be  firmly  united  at  their 
edges  by  sutural  union.  Such  an  armour  may  also  develop  enor- 
mous bony  spines,  often  attached  to  the  skin  by  an  expanded  base 
which  represents  the  scutes.  In  the  latter  class,  again,  the  bony 
shells  or  the  Testudinate  Chelonia  are  formed  partly  of  dermal 
elements,  blended  with  others  belonging  to  the  endoskeleton  to 
form  a  continuous  whole ;  while  in  the  Athecate  division  of  the 
same  order  the  whole  of  the  protective  armour  is  of  dermal  origin. 

The  so-called  membrane  bones  of  the  skull,  and  the  clavicular 
portions  of  the  pectoral  girdle,  are  likewise  of  dermal  origin,  and 
therefore  properly  belong  to  the  exoskeleton;  but  their  intimate 
connection  with  cartilage  bones  renders  it  more  convenient  to  con- 
sider them  with  the  endoskeleton. 

Teeth,  as  belonging  to  the  list  of  dermal  structures,  may  be  con- 
veniently noticed  here ;  and  the  importance  of  these  organs  to  the 
palaeontologist  can  scarcely  be  overrated,  since  from  their  extreme 
density  they  are  more  often  preserved  in  a  perfect  condition  than 
most  other  parts  of  the  skeleton,  and  thus  frequently  form  the  only 
safe  guide  to  the  affinities  of  an  extinct  type.  Teeth  are  composed 
of  two  or  more  earthy  constituents,  varying  in  their  structure,  and 
the  amount  of  animal  matter  contained  in  them.  The 
most  important  element  is  that  known  as  dentine  (fig. 
8 1 3,  d),  which  forms  the  greater  portion  of  the  body 
of  most  teeth,  and  consists  structurally  of  extremely 
minute  tubes,  cells,  and  earthy  particles.  Some  den- 
tine is  devoid  of  blood-vessels ;  but  in  other  cases  it 
is  permeated  by  the  latter,  when  it  is  known  as  vascu- 
lar,  or  vaso-dentim ;  and  both  these  structures  may  exist 
in  a  single  tooth.  In  young  teeth  (fig.  813)  the  centre 
of  the  dentine  mass  is  occupied  by  the  vascular /»^ 
eavity  (pc),  which  is  open  at  the  base ;  but  in  the  adult 
this  cavity  is  often  totally  obliterated,  by  the  formation 
of  what  is  known  as  osteo-dentine,  which  is  a  kind  of 
vascular  dentine  passing  imperceptibly  into  the  structure 
of  true  bone.  The  second  primary  constituent  is  the 
enamel  (f),  which,  when  present,  immediately  overlies 
the  dentine  of  the  crown,  or  exposed  portion  of  the 
tooth,  and  is  the  hardest  knoivn  animal  substance ; 
it  is  composed  of  extremely  minute  prismatic  fibres, 
generally  running  at  right  angles  to  the  outer  surface 
of  the  tooth.  This  substance  is  the  least  constant 
element  in  teeth,  although  it  is  very  generally  present 
in  those  of  Mammals  ;  among  the  Reptiles  it  is  entirely  wanting  in 
the  Ophidian  Squamata,  but  is  present  in  the  Crocodilia.     The 


FiE.  813.— Dia- 
gramma-tic  verti- 
ciLl  section  of  a 
tooili.  /,  Cemeni; 
rf.  Dentine ;  c. 
Enamel: /(.Pulp. 
cavily. 
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eoDMituem.  usually  known  as  ttmrnt  (fig.  S 1 3.  t).  I)U1  occasion- 
tiAPWAi  fftroia,  is  the  most  external  of  Ihc  three:  in  same 
iniaiiccs,  u  in  fig.  813,  it  is  con6ned  to  the  root,  or  embedded 
pOftiw  of  the  tooth,  where  it  consequently  comes  into  immediate 
onaa  with  the  deiitinc;  Init  in  other  cases  it  is  Tound  overlying 
tiKcaund  of  the  crown,  and  in  others  as^in,  where  the  enamel  is 
vantii]^  it  forms  the  main  covering  of  the  crown,  as  in  the  teeth 
of  liie  Edenute  Mammals.  The  cement  is  always  traversed  liy 
Tucabr  canals ;  anil  its  structure  ta  very  similar  10  that  of  bone, 
alAoa^  only  occasiotially  presenting  all  the  peculinrities  of  the 
Ixtla. 

TnK  teeth  are  generally  confined  to  the  mouth  and  pharj-nx,  but 
Acy  Mty  be  situated  on  many  of  the  bones  of  the  former,  and  their 
node  of  attachment  varies  from  a  simple  anchylosis  to  the  under- 
lfiii|bone,  to  implantation  in  distinct  sockets.  The  simplest  romis 
of  tetlfa  are  small  granular  bodies,  like  the  minute  ossifications 
ilnaily  mentioned  as  occurring  in  the  skin  of  certain  Fishes  ;  while 
iboKof  the  most  complex  xtructure  are  10  be  found  in  certain  Fishes 
\Ikiiirodta\  in  the  I^byiinthodont  Amphil>iaii»,  and  among  Mam- 
miit  in  the  Edentate  genus  Orydrropus  and  many  RodenU  and 
L'ngiiUtes.  Except  in  forms  whcr«;  all  are  alike,  as  a  general 
rale  the  teeth  at  the  anterior  extremity  of  the  jaws  are  more  or 
la*  nmple,  while  there  is  a  gradual  increase  in  their  complexity 
towds-the  opposite  end,  and  in  most  cases  the  lower  teeth  arc 
funower  and  more  elongated  in  an  antcio-posterior  direction  than 
ihc  upper  ones. 

The  importance  of  teeth  to  the  palaeontologist  as  a  means  of 

deiennining  the  affinities  of  fossil  fDrm.s  ha.<t  been  already  mentioned ; 

tm  in  many  cases  their  evidence  must  be  supplemented  either  by 

that  of  other  remaim,  or  of  the  geological  horiran  whence  they  were 

obtained  ;  sir>cc  otherwise  serious  error  may  result.    Thua,  the  teeth 

of  the  Dinosaorian  Me^n/osaiirus  present  a  strong  rc^cmbtancc  to 

lonie  of  those  of  the  Mammalian  Mafhan^dm;  while  the  front  teeth 

of  4ome  ^MToid  Fish  approximate  to  those  of  the  Primates ;  and  the 

lower  hittder  teeth  of  the  Krmgaroos,  of  llie  Dinothere  among  the 

I      Proboscidea,  and  of  the  Tapir-like  animals  in  the  PerissodactyU,  arc 

&U  singularly  alike  in  form.     Another  fertile  source  of  error  to  l)C 

'      yarded  against  is  the  great  difference  in  the  form  of  the  teeth  from 

■different  regions  of  the  mouth. 

^H^Fur  the  mieroseopic  structure  of  teeth  and  their  mode  of  develop- 
^^Lnt,  the  student  must  refer  to  other  works  :  but  a  large  number 
P^T  ihe  more  important  types  of  denial  structure  will  be  found  noticed 
in  the  coarse  of  the  following  pages. 

By  far  the  greater  number  of  adult  X'eitebrates  possess  a  solid 
inner,  or  tndciktltlon,  composed  of  hone  (into  the  nature  of  which 
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it  win  be  urmectfssary  to  cnler  here) ;  but  in  otliLTS  this  skdeto 
remains  cnnihi^inouii  throughout  life,  or,  as  in  many  Sharks,  h£ 

solid  striiclures  formed  by  cakificntior 
in  the  cartihi^e,  which  are  quite  distini 
from  true  bone.  This  endosktieton  ma 
be  divided  into  on  axiai  pcrtion,  or  tlu 
or  the  head,  tnink,  and  uil ;  and  an  e^ 
pindicuiar  pdrlhH  supporting  the  Hmb* 
the  relations  of  the  two  being  shown  i 
fig,  814.  The  anterior  part  of  the  axil 
skclLion  is  formed  by  the  skuU  (of  whic 
we  shall  speak  later) ;  and  this  is  sui 
cccdcd  posteriori  y  by  the  vertebral  coiumt 
typically  eomposed  of  a  niiniher  of  se] 
nR'tU:^,  known  as  vertd'nr,  placed  in  th 
rniddtf  line  of  the  dorsal  side  of  th 
body,  and  continuing  from  the  head  t 
the  fxtreniity  of 
the  tail.  'I'hi.s 
column  is  devel- 
oped round  a  rod- 
like  axis  known 
as  the  notoc/wrd. 
\n  eenain  of  the 
lower  forms  the 
latter  may  persist 
throughout  life, 
and    may    either    /^^  t^^^}^ ^^^^^ 

simply     have     a    ■A™;,r"''.7"'K'^5"^pS; 
fibrous    or    carti-    (brok«i.):  /«.  Pm>-(Apcvh: 

laginous  sheath,  ;/.i-™;^^J^<bSSG! 
or  ma)  tiavt.  cal-  jf^-.  Mu.aiu.tWB«. 
cifications,  or  car- 
tilages, in  either  the  dorsal  or  ventral  poi 
tion  ;  and  thtrrc  is  a  complete  transitio 
from  such  a  primitive  type  of  colum 
to  that  of  the  more  specialised  types  i 
which  the  vertebrae  arc  fully  ossificc 
'Ihere  is  an  enormous  amount  of  variatio 
in  the  structure  of  the  vertebrae  of  diflci 
ent  groups,  and  even  in  the  diflreren 
regions  of  the  lx>dy  of  a  single  aninia 
but  there  is  one  general  plan  pervading  them  all.  Thus  a  tyfHCi 
vertebra  (fig.  815)  eonsisla  uf  a  baaal  portion,  or  anirum,  whici 
may  be  either  disk-like  or  more  or  less  elongated.     Its  posterio 


Labnbthmloiii    AmtiKHiUn  (.57/- 

mofid  from  lti«  left  tide  in  onJcr 
10  khow  <ht  •iHfoilteI'loa-  <>ivatly 
nUonicd'    (After  FrilKb.) 
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udnttrior  mriaces,  by  which  (with  the  intervention  of  cartQages) 

3  vdculatcs  with  the  adjacrnl  centra,  may  be  nearly  flat  or  con- 

a<c«hcn  it  is  said  lo  be  amphiialom  (fig.  815);  or  its  anten'or 

«bce  may  he  more  or  less  holtow,  and  the  posterior  convex  (fig. 

Sii),  vhen  it  is  tertned/nxvAwi .-  or,  lastly,  the  reverse  o\  the  Xal- 

laamngODePt  may  obtain,  when  the  centrum  is  tcimcd  apistkoari- 

m;  in  example  of  the  latter  Mructure  lieing  shown  in  the  vertebra 

at  Cil»imtpoiufy/0t  given  to  the  sequel  (fig.   1071^     Imiucdiately 

ipv  the    centrum    is   the 

apatitrc  of  the  channel  for 

ifae  tccrption  of  the  ftpinal 

<ai,  liDown  OS  the  Htnral 

audifxg.  St 6);  this  canal 

bein(  enclosed  tatcrnlly  aitd 

■paiorif    by    the     neural 

cvla,  which  are  surmounied 

\i\^  wnral tpim  {^^  815, 

%\tt\     'I1ie  lateral  poftioru 

a/  du»  arrh  are  termed  the 

/*'^(^-  817,  n\  and  the 

!■* cocnccting  the  laiter  with  the  spine  the  iamina.     The  arch,  it 

"kttiA  be  iA)«a%'ed,  always  ossifies  separately  from   tlie  centrum, 

ted  tlie  hne  of  junction  between  the  two  when,  as  in  many  Rep- 


Fig.  t>6.— AniBW  (n)  and  jnitcrie*  <c)  vliwi  af  t. 
trDOfkiJi  donal  vcrlcbr*  nrf  ■  l-arcrtian  itcinilc 
(l''.dna«»jV  Ttlt  jvrl  klnx*  !■  %t-A  c  («  ihacmlrvra; 
(he  anitura  lh«  iwuni  »r>al,i>l>«Kaiiil  njuiiil  which 
vt*  uic  n«unl  arrlitA,  «unnDUnr*i1  br  >h*  ntuni 
fpiac;  lb*  oblique  botn  an  iht  nx'popliyMi.  and 
IM  laMtal  franirani-**  ibc  inuivnrw  tuecwiM. 
■  Utb  «M  \in  «ry  ■hull. 


fi^t\\.-~KX>^  ■•■■    fihtlonilttt»»fltbrao(«  Whale,    a.  DuiKramnuik  ima- 

■M*  anigB  e*  ih*  l»a~  ol  iIm  ilisnxK  twipea  af  ■  MannuL  Gnolly  fdaead.  a,  Pnnja- 
)»*]m :  i,  Smi— > :  1.  Ccnuao ;  rf,  Traairenc  pruceu;  ■,  Pedld*  oTanb:  /,  SiMual  nbi 
^^:j.NMnl>c«a.    (AJUrOvw.) 

they  remain  distinct,  is  known  as  the  «<w»-o-(V«/m/  suture. 
neural  arch  bean  a  pair  of  processes,  or  facets,  at  cither  ex- 
aity  for  articulation  with  the  adjacent  vertebrae;   those  at  the 
amerior  extremity  (fig.  816,  b)  being  known  as  fnsygapophyses,  and 
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looking  inwards  and  upwards ;  while  those  at  the  other  extremity 
(fig.  816,  c)  are  termed  posttygapophyses,  and  look  downwards  and 
outwards.^  Besides  these  processes  for  mutual  articulation,  there 
are  other  processes  on  many  vertebrae  ;  the  most  constant  being  the 
transverse  processes,  or  diapophyses,  which  may  be  very  short  as  in 
fig.  816,  or  greatly  elongated  as  in  fig.  817,  a,  <f.  These  transverse 
processes  may  arise  either  from  the  arch  or  from  the  centrum,  and 
in  the  trunk  frequently  serve  for  the  main  attachment  of  the  rOa 
(fig.  817,  b).  In  fig.  816  we  have  an  example  of  a  vertebra  with 
very  short  transverse  processes  placed  mainiy  on  the  centrum,  while 
in  the  vertebra  of  Iguanodon,  figured  in  the  sequel  (fig.  1058),  we 
see  very  large  transverse  processes  arising  solely  from  the  arch. 

The  sides  of  the  centrum  in  the  anterior  region  of  the  body 
frequently  carry  other  articular  processes  for  the  ribs,  which  may 
be  termed  rib  or  costal  facets  (fig.  815,  cp),  or  parapophyses. 
Again,  the  inferior  or  haemal  surface  of  a  vertebra  may  bear  a 
hcemal  spine — the  term  haemal  being  applied  to  the  inferior  as- 
pect on  account  of  its  being  directed  towards  the  heart  and  large 
blood-vessels.  Each  vertebral  centrum  carries  its  own  arch ;  but 
between  the  true  centra  of  the  Ichthyopsida  there  may  be  inter- 
calated centra-like  bodies,  carrying  no  arches,  and  termed  intercentra. 
Rudiments  of  such  intercentra  occur  in  the  so-called  wedge^nes  or 
hamapophyses,  found  between  the  lower  borders  of  the  centra  in 
certain  Reptiles,  and  more  especially  between  the  first  and  second 
vertebras.  Further,  the  Y-shaped  chevron-bones,  usually  articulating 
between  adjacent  vertebral  centra  in  the  tail  of  many  Vertebrates, 
are  also  morphologically  intercentral  elements.  In  Fishes  the  ver- 
tebral column  can  only  be  divided  into  trunk  and  caudal  regions ; 
but  in  the  majority  of  higher  forms  further  divisions  can  be  made. 
Thus  the  vertebrae  of  the  neck,  in  which  the  ribs  never  articulate 
with  the  sternum,  are  termed  cervical  (fig.  818,  c);  the  first  of  this 
series  being  designated  the  atlas,  and  the  second  the  axis.  It  is 
further  remarkable  that  in  most  instances  the  centrum  of  the  atlas 
is  not  joined  to  its  arch,  but  either  remains  as  a  distinct  element,  or 
becomes  anchylosed  to  the  front  of  the  centrum  of  the  axis  to  form 
the  so-called  odontoid  process  ;  and  it  appears  that  in  the  latter  case 
the  inferior  bar  connecting  the  two  lateral  arches  of  the  atlas  is 
really  the  remnant  of  the  first  intercentrum.  It  is,  moreover,  prob- 
able that  this  separation  of  the  component  elements  of  the  atlas 
should  be  regarded  as  a  retention  of  the  primitive  feature  obtaining 
in  the  vertebral  column  of  many  extinct  Fishes  and  Amphibians, 
where,  as  will  be  noticed  below,  the  whole  of  the  vertebrae  are  thus 
disintegrated.      Finally,  it  has  been  suggested  that  certain  bony 

'  These  ate  well  seen  in  the  vertebra  of  Calamospondylus  above  mentioaed. 
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centra ;  but  by  the  disappearance  of  the  latter  they  have  frequent]] 
become  transferred  to  the  centra  or  their  appendages,  although  ir 
other  cases  their  original  derivation  is  indicated  by  their  articulatior 
at  the  junction  of  two  vertebrae.  Very  generally  ribs  articulate  witl 
the  vertebral  column  by  two  distinct  heads,  which  is  probably  th< 
original  primitive  type  of  structure.  In  these  cases  the  anterior  a 
lower  head  is  termed  the  capitular,  and  articulates  with  the  rib 
facet  or  parapophysis  on  the  vertebral  centrum  (fig.  815,  (p);  whil) 
the  posterior  or  upper  head  is  known  as  the  tubercular,  and  in  thi 
dorsal  vertebrae  articulates  with  the  transverse  process  or  diapophysi: 

of  the  arch.  In  the  dorsal  ribs  tht 
two  heads  may,  however,  coalesce 
and  articulate  with  a  facet  on  tht 
centrum,  or  with  a  longer  or  shorte 
transverse  process  on  the  arch.  Fre 
quently,  moreover,  while  the  anterioi 
dorsal  ribs  have  double  heads,  tht 
posterior  ones  have  but  a  single  heai 
articulating  with  the  transverse  pre 
cess.  In  the  caudal  region  of  man 
Reptiles  true  ribs  articulate  with  th 
upper  part  of  the  centrum,  and  o 
cept  as  being  separate,  are  indi: 
tinguishable  from  the  caudal  tran; 
verse  processes  of  many  Mammal: 
such  as  the  Cetacea  (fig.  817' 
Cervical  ribs  are  present  in  mos 
Reptiles,  and  usually  articulate  b 
two  heads  to  the  vertebrae  —  th 
upper  head  joining  a  facet,  generall 
placed  on  the  arch,  correspondin 
to  the  transverse  process  of  the  dorsal  vertebrae,  and  the  lower  on 
articulating  to  another  facet  on  the  centrum.  Very  rarely  in  Rei 
tiles  these  cervical  ribs  may  be  completely  anchylosed  to  the  vei 
tebne,  as  in  the  vertebra  of  Calamospondylus,  figured  in  the  sequt 
(fig.  1071) ;  and  this  suggests  that  at  least  a  portion  of  the  so-calle 
transverse  processes  of  the  cervical  vertebne  of  Mammals,  whic 
arise  from  the  vertebne  by  double  pedicles,  really  correspond  t 
cervical  ribs.  In  the  Sauropterygia  both  heads  of  the  cervicj 
ribs  articulate  with  the  centrum. 

When  a  sternum  is  present  the  distal  ends  of  the  dorsal  ribs  ar 
generally  unossified,  and  are  sometimes  termed  intermediate  ril 
{ir,  fig.  819);  and  these  unossified  elements  unite  distally  *-ith  th 
sternal  ribs  {sr),  which  in  their  turn  join  the  sternum  (fig,  817,  &,b 
Further,  among  the  Sauropsida  lateral  ossifications  may  be  develope 


Fif[.  Sia.— Stcmal  region  of  a  young 
OmilkoriyncAtta.  f.  Clavicle;  /,  Inlcr- 
clavicle  ;  >,  Presternum  ;  mt,  Mcwsier' 
num;  r,  tub;  i>,  IntermedLate  lib;  tr, 
SwnuJ  rib.    (AClet  Fiower.) 
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t^f  Vm>— L«li  i*l«nl  vnw  oT  ihc  •kuB  of  a« 
cmtnio  DotfAiJi.     Ir,   lAfi  mriKuli ;   «.  *.  ■. 

Na-uli  oit'iul,  alid  uidili^iy  canulo  ;  m,  Ajr,  tr, 
kUndifculiir.  hroid,  nnd  htAnchial  Knhc«:  el.  r, 
H>^n*fi>tibdUr  AiiJ  tint  krAnchiat  cUft*.    (Aflcr 


I  ibe  rflH,  termed  una'nate  p/xvesKs,  of  which  Ihc  ]}OBilion  is  shown 

I  the  fii««  of  ihc  skeleton  of  the  Eagle  given  below  (fig.  1 106). 

The  brcul-ltone  or  s«mum  4fig».  817,  819)  ts  usually  composed 

'  aT  1  mtdian  s«Hc-t  of  IwtMS  or  canil-nges  on  the  i.-enttal  aspect  of  the 

bodj,  which  w  diviiiUc  in  the  higher  gioupa  into  an  anterior  pre- 

xHtaatm,  usually  consisting  of 

1  «nglc  ovsibcalion ;  and  of  a,  o  a       ff      tr 

saa  of  mtsoiltmat  eleroents, 
Mkwcd  posteriorly  by  the 
KfMskniMm.  In  many  &iiiir- 
opriik  the  SiUma)  boacs  have 
\im%  hieial  pfocesses ;  and  the 
oaifications  in  tliis  c)as&  may 
flDBSui  of  a  pair  of  bones 
uttted  hf  cartUage. 

Ibe  tkwtl,  or  anterior  tcr- 
BJBitioti  of  the  axial  skeleton, 
nor  diom  our  attention,  hu: 
(he  dcKription  of  this  impor- 
ua  and  diflKult  part  must 
be  of  the  briefest.      The  re- 

Kirtba  of  embryologists  have  shown   that  the  skull   is  only  a 

ifHCid  modification  of  the  primitive  dements  from  which  the  rest 

rf  ifce  axial  skeleton  were  fonncd.  although  it  does  not  consist,  as 

nj  ooce  thought,  of  a  series  of  modi- 

W  nmcbrx.     The  skull  is  divisible 

im  a  dorsal,  or  cranial,  and  a  ven- 

tni  Of  viutral,  portion  ;  the  former, 

otfioating  from  a  series  of  primitive 

tegmenU  isomitet),  encloses  the  braiii- 

nntr;  while  the  latter,  which  has  a 

Ksmentation    of   distinct    and    later 

is  primiti**ely  connected  with 

function  of  respiration. 

The  cartiest  commencement  of  the 

j)rimiti\-c  rjnilaK'"""*'  cranium  occurs 

in  the  foniiaiion  of  a  pair  of  lod-like 

■cuia  (hg.  820),  lying  at  the  hasc 

the  brain,  of  which  the  posterior 

■hffrdal   parts  embrace  the    cx- 

ly  of  the  noiocbord  (fig.  821). 

parachordals  soon  unite  to  form 

a  JtfjiVdr  piatt  supporting  the  brain 

(65.   Sat);    while  the  anterior  froihordal  parts  unite  in  front  to 
a  space  (ibid-,  d)  for  the  passage  of  (lie  olfactory  ner\'cs, 


■u 


li 


fni. 


Vif,  Sii.  —  fpptr  ""v  (/  »  Ial*r 
embryo,  tl,  CStnu  or  inlxcula ;  f/ 
tnifl/,  CKorhlid  ■nd  poniarbitti  tm- 
ccMKi  •■(  d<h  ;  t,  Eihmoxiual  •cprnm  ; 

Ofaclury  rvnuiiex.     Olhii  Idlan  »i  ■■■ 
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the  united  portion  forming  the  ethmonasal  septum  {ibid.,  s).  By  th 
appronmation  of  the  basilar  plate  to  the  nasai,  orbital,  and  auditor 
capsules,  these  three  distinct  sense-regions  become  differentiated  i 
the  cranium ;  and  while  the  first  and  third  become  enclosed  i 
cartilage,  the  lateral  borders  of  the  basilar  plate,  in  some  instance 
grow  upwards  to  enclose  the  brain  in  a  complete  cartilaginot 
capsule,  which  in  certain  Sharks  (fig.  S22)  persists  throughout  lift 
In  the  higher  forms,  however,  the  cartilage  does  not  extend  upward 
over  the  brain,  which  becomes  roofed  in  by  bone  formed  direct! 
from  the  overlying  membrane. 

The  visceral  portion  of  the  skull  is  formed  by  cartilages  arrange 
in  a  series  of  arches  in  the  walls  of  the  throat  (fig.  820).  In  th 
Ichthyopsida  there  may  be  as  many  as  nine  of  these  visceral  arche: 
but  in  the  other  three  classes  they  become  reduced  in  number  to  3 
most  three  or  four,  which  are  also  functionally  modified.  The  firs 
arch  (fig.  Sao,  m)  supports  in  all  cases  the  walls  of  the  mouth,  an> 
is  accordingly  called  the  mandibular  arch ;  the  second  is  termed  th 
hyoid ;  while  the  remaining  ones,  which  persist  only  in  the  adults  ( 
Fishes  as  supports  of  the  gills  or  bronchia,  are  termed  bronchia 
It  should  further  be  observed  that  these  arches  are  separated  froi 


^    «f-*   pr^t^         j^j> 


WS,  Vertebral  columa.    (After  Wicdersheim.) 


one  another  in  the  embryo  by  a  series  of  visceral  clefts  (fig.  820),  c 
which  the  respiratory  apertures  of  Sharks  are  remnants.  The  mar. 
dibular  arch  becomes  divided  into  segments,  consisting  of  a  shoi 
proximal  portion  known  as  the  quadrate,  which  very  generally  form 
the  main  support  of  the  lower  jaw  ;  and  a  long  distal  portion  know- 
as  MeckeFs  cartilage,  around  which  the  mandible,  or  lower  jaw,  is  sul 
sequently  formed  in  those  forms  which  develop  membrane  bones,  bii 
which  in  the  Sharks  persists  throughout  life  as  the  functional  lower  ja' 
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Siol.  The  quadrate  gives  off  an  anlcrior  pahtopurygoid  {pala- 
^ItfMiimtt)  bar.  which  in  Sharks  (fig.  813)  persisU  to  form  a  kind 
of  bbc  op[«CT  jaw.  Tbe  hyoid  arch,  which  is  close  to  ihe  mandi- 
tmlar,  and  which  in  Fishes  may  also  take  a  share  in  the  support  of 
tbe  aandibte,  ii  likcvrisc  scgmcmcd  ;  ihc  most  imponam  eitmcnts 
is  the  liKer  class  being  the  kyomandibular  and  the  rymp/uti/,  which 
aitthowD  in  an  ossified  condilJon  in  I'lg.  823,  km,  sy.  As  already 
raoitioned,  in  Sharks  th«  primitive  cartilaginous  skull  ia  completv, 
«ad  pcTsifts  in  this  condition  throughout  lire ;  but  in  the  great 
raijomy  of  Vcrtebraies  the  progress  of  chondrificaiion  is  arrested, 
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ud  the  skalt  becomes  mon;  or  less  coniplclclj'  covered  in  with  a 

«nB  of  ossifications  dCTcloped   in  the  membrane  overlying   the 

toain,  while  the  cartilagjtious  foundation  itseif  t.s  likrwi^L-  converted 

into  bone.      Bone!i  derived  from  these  two  totally  distinct  sources 

nndgamate  in  Ihe  aduli  in  such  a  manner  as  to  afford  no  clue  lo 

chetr  dual   originiL      Following  a  modificntion  of  an  arrangement 

idc^Ml  by  ProfesMir  Wcinahcimcr,  the  more  iin[)OTtinl  bones  of 

ihe  cranium  may  lie  enumeraied  as  follou's  :  the  relative  position  of 

moSL  of  them  beit^  shown  in  figs.  834  and  825.'     The  cartilage 

bocies    comprise    the    haswaJn'laJ,    dashp^rHot'if,    and    prtsphtnoid, 

which  arc  median  ossificalions  (not  shown  in  the  two  figures)  lying 

n  this  ordef  (from  the  posterior  extremity)  on  the  inferior  aspect 

of  the  craniunn.  wid  the  first  forming  the  floor  of  ihe  /oramtn  mag^ 

Hmm,  or  aperture  by  which  the  (.pinal  cord  enters  the  cranium,  and 

the  thrc*  being  collectively  known  a»  the  t^tuWnima/  axis.      On 

>   In  ibe  tcqiMl  tit  (igarct  of  the  dnllt  of  many  re])tilM.  aiid  more  especially 
l)u»e  o4  JieMj-MUtmi  ntid  Hlktiaurta,  thnir  ihc  tjenenl  lehltuii*  oF  (he  Itcnn 
*  ill  10  ai)t«nlS(e. 
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the  sides  of  the  basioccipital  we  have  the  two  exocHpUah^  forming 
the  lateral  boundaries  of  the  foramen  magnum,  and  either  alone  or 
in  conjunction  with  the  basioccipital,  the  single  or  double  occifitai 
condyles,  by  which  in  the  higher  forms  the  cranium  articulates  with 
the  atlas  vertebra.  The  bony  auditory  capsule  is  composed  tyjM- 
cally  of  the  prooHe,  epioHe,  and  opisthotic^  to  which  in  Teleostean 
Fishes  must  be  added  the  sphenoHc  and  pteroHc ;  but,  as  will  be 
noticed  below,  some  of  these  bones  may  unite,  when  they  receive  a 
distinct  name.  The  altsphenoids  and  orbitosphenoids  are  paired 
bones  developed  in  the  trabecular  region  ;  while  the  single  etkmmd 
and  the  paired  turbinali  occur  in  the  nasal  region.  The  position 
of  the  quadrate  has  been  already  mentioned.     Among  investing  or 


Fig.  824. — Upper  ''urface  of  the  cranium  of  a  Labyrinihodoni  Amphibian  {Kyrtvtia^  one-hftlf 
natural  tiie.  im,  Prcmaiilla:  m,  Maiilla:  N,  Nual ;  L,  Lachrymal ;/,  Frontal;  P/,  Prefrontal i 
f,  Jugal ;  Qy,  Quadratojugal  1  c>,  Opi«ihoiic ;  OS,  Supraoccipital ;  Si/,  Squamosal;  Squ, 
SupratempooJ  ;  Pa,  Parielal;  Pff.  P«tfronnJ  ;  Pto,  PosiofWlal.  The  ijuadrate  would  come 
below  Q7  \  Ihe  large  vacuities  arc  the  orbiu;  and  the  imall  aperture  in  Pa  the  parietal  fora- 
men.    (After  FriiKh.) 

membrane  bones,  which  are  of  a  more  or  less  splint-like  structure, 
we  have  the  following  paired  ossifications,  reckoning  from  before 
backwards,  on  the  upper  surface — viz.,  premaxilla  (im),  maxilla  (m), 
nasal  (//),  lachrymal  (Z),  frontal  (/),  prefrontal  {Pf),  postfrontal 
{Ptf),  postorbital  {Pto),  parietal  (Pa),  supratemporal  {Squ),  and 
squamosal  {Sq).  In  some  Dinosaurian  Reptiles,  as  Stegosaurus, 
there  appears  to  be  a  distinct  bone  above  the  orbit,  which  connects 
the  pre-  and  postfrontal,  and  may  be  termed  the  supraorbital.     The 

'  Shown  in  thi:  slniU  of  Ttstudo,  (igui^  in  the  sequel,  fig.  1017A. 
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[jS»MM|<Hii/  (OS),  vrKich,  although  double  in  the  figured  skull,  is 
tmBj  2  single  Iwne,  appears  to  be  developed  infcnoily  from  ou- 
tSigc  and  superiorly  from  membrane ;  it  usually  forms  the  upper 
bcnla  of  the  foramen  magnum,  and  is  not  unfrtiquenily  produced 
poMnoriy  iixo  a  long  spine.  On  ihe  Ulcra!  aspect  of  llie  traniura 
m  fiscal  Oiti  Juga/ (J),  and  ijuaJnUoju^al  {QJ),  which  connect 
tk  qtudrste  with  the  maxilla;  while  infcriorly  {fig.  825)  we  may 
bnca  median  splint-like  punxsphtnoid  (i'i),  and  always  n  single  or 


pumJ  ro«wr  ( V\  and  the  paired  pter>'goids  {Pi),  and  palatines  (/*). 
TTw  two  bner,  it  may  Xve  observed,  are  developed  u|>on  die  priini- 
Int  palatoptcrygoid  hor;  while  the  parasphenviil,  when  present, 
uxlnlies  the  basicranial  axis,  and  if  largely  dcvduped,  as  in  Tclcos- 
teaa  fishes  and  iVmphibiA  (tig.  835),  seems  to  take  the  place  of 
the  basi-  attd  prcqshenoid. 

In  the  cnuiium  of  which  an  upper  x-iew  is  given  in  fig.  S34  the 
iritole  of  the  region  behind  the  orbits  is  txjmpletcly  rooftd  over  by 
hone,  so  that  a  secondary  roof  is  thus  formed  aljove  iht-  roof  of  the 
nio^  smaller  brain-case  which  lies  within.  In  most  Reptiles  there 
aie,  however,  vacuities  or  fojste  In  this  outer  roof  (as  in  fig.  836), 
aough  in  the  Turtles  and  tlie  Ichthyosauri  (fig.  1024)  this  roof 
sists.  In  fig.  8)6  the  upper-lateral  vacuity  it  termed  the  sufira- 
{fosM,  and  is  bounded  below  hy  the  saperwr  ftmfvrnl  (or 
VOL.  11.  H 
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F^ttamffsa-prefmntai)  aratde  rormed  by  the  squamosal,  postorbital, 
and  postrrontal ;  while  the  lower  or  infratemporal  fossa  is  bounded 
superiorly  by  tlie  last-named  arcade,  and  below  by  an  inferior  tat- 
pom/ (oz  quadrato-maxiliary)  arcade^  fonntd  in  most  Reptiles  (fig- 
Sift)  by  the  quadrate,  quadratojugal,  jugal,  atid  mjixilia.  In  the 
Maminalia  (where  it  is  usually  termed  the  ayj^matic  arch)  ■vrc  find, 
however,  a  single  arcade  foimed  by  the  liciuaTnaKal,  jugai,  and  max- 
ilia,  and  a  similar  arcade,  hut  with  the  apparent  absence  of  the 
Jugal,  occurs  in  many  of  the  Anomodont  Reptiles.  This  may  be 
termed  ihe  squamoso-maxitlary  arcade.  In  many  Sauropsida,  when 
a   pustorbila!   or  poslfrontal  is  developed,   these   two   arcades  arc 


PIe-  t(4. — (tight  Iflitnl  mpeci  of  iht  ciuiium  of  $fkiti»it^  f^minita. 
on  i£e  lofi  h  the  infnWrapcVkl  (oub,  baundnl  t-elow  hy  the  iivrerior.  niul  ahavg  1>^h*  iiiti(i>>« 


Th*  lowuvanlly 


bora«tor  the  UiicrfaBab  rormed  by  ihe  Dincui-fciiuuDour  b*r.    The  quaiSmie  U  on  tlM  left 


usually  connected  behind  the  orbit  by  a  process  from  the  for- 
mer articulating  with  another  from  the  juga!,  and  thus  forming  a 
bar  or  arch  which  may  be  termed  the  postoriital  bar  or  arch. 
Similarly  another  bar  at  the  posterior  extremity  of  the  supratem- 
poral  fowa  is  foinicd  by  the  quadmtojugal  (or  quadrate),  squa- 
mosal (the  supratemporal  of  fig.  894  being  absent),  and  parietal, 
and  may  be  termed  the  fostftmporal,  or  parietft- squamosal  fiitr,  or 
arch.  A  third  fossa  behind  this  bar  is  termed  the  posUemporai 
fmta.  It  will  be  observed  lliat  these  numerous  vacuities  expose  to 
view  the  brain-case  lying  within  these  arches  or  bars;  and  there 
seems  to  have  been  a  gradual  tendency  to  open  up  the  completely 
roofod  skull  of  the  I^bjTinthodont  Amphibia  till  in  tlie  Mamoiab 
we  find,  as  already  monlioncd,  the  squamoso-maxillary,  or  zygomatic 
arcade,  and  often  a  pot^lorhical  bar,  as  the  sole  remnants  of  this 
primitive  secondary  roof. 

It  will  not  be  necessary  to  mention  the  various  neural  and  vascular 
foramina  of  the  cranium,  but  it  must  be  observed  that  on  the  upper 
aspect  there  are  paired  apertures  for  the  orbits  (fig.  8j6).  and  either 
paired  or  single  onca  for  tlic  tares  {ibid.);  while  between  these  aper- 
tures there  may  be  the  paired  prtorhitat  vacuitits,  which  are  shown 
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Ibe  fiEUre  of  the  skull  of  Phytesaunts  among  the  CrocodilU. 
Macion  muu  ako  be  nude  of  ihe  parietal  Jhranun  (Hg.  834), 
vfaicb  is  1  vacuity  occurring  in  the  paricLils  of  many  Reptiles  and 
AiD|ili)biuu.  In  so-eral  living  forms  this  foramen  immediately  orer- 
Itei  <n  aborted  cneduin  eye  embedded  in  the  subjacent  ti^isucs,  and 
^littlly  fuDctionle&s :  but  it  i»  not  improbable  llial  in  t)ie  Labyrin- 
aod  other  early  forms  this  eye  &en'cd  the  purposes  of 
As  the  attention  of  the  pala-ontologist  is  often  directed 
utAcnt,  we  must  also  ohscrt-e  that  the  EvttoihiaH  lubtt  arc  canals 
wnnening  ibe  internal  cor  with  the  pharynx  or  gullet  Apart  from 
IB  minor  ossifications  which  will  be  incidentally  noticed  in  the 
I,  vc  oiost  also  call  attention  to  the  feriolu  and  /ympanu  of 
Mianiails,  since  among  the  Cetacea  these  hones  are  of  great  im- 
pnancc  to  the  palaeontologist.  Both  thertc  bones  are  ronncclcd 
the  internal  ear,  the  first  resulting  from  the  coalescence  of  the 
epiotic,  and  opislhotic  of  the  lower  forms,  and  containing 
dx  wcUia  of  the  ear;  while  the  btter  is  foniied  by  ossification 
Id  tic  tissues  arouTHl  the  tympanic  membrane,  and  also  occurs  in 
le  birds.  Finally,  the  term  lympanU  rin^  is  a  tonvenit-nt  one 
Flo  ^fiy  to  the  bones  surrounding  the  external  car  of  Reptiles,  and 
opBBllf  the  Chclonia. 

In  iqfard  to  the  muHdihU,  or  lower  jaw,  which  wc  have  already 
tmA  to  be  formed  hy  oiuificaiionK  in  the  region  of  Meckel's  car- 
tibje;  each  half,  or  ramut  (fig.  827),  in  the  Sauropsida  and  Am- 


ea  t  fy 

■  new  (T  ito  W«  r^ut  of  iIk  msodiUt  of  CnaJilm.    >/.  SKii<I'hy>i>  i  4, 
KfrbMkl;  t*,  Cwoiwalt  w.  Anj(iitu  ;  (■■,  Sunngulir;  nt,  Aniinilar.     Kiilucai]. 


pbbia  contists  of  Ihe  following  five  ouifications  formed  in  mem- 
bnne — viz.,  detUary  (J),  ifkniat  (j),  a'roimd  {iv),  angular  (««),  and 
UraMgti/ar  (/*),  These  unite  with  the  afliatJar  (ar),  formed  from 
Meckel's  cartilage,  which  articulates  by  a  glenoid  eavifji  »ilh  the 
quadrate.  In  Mammals,  however,  there  is  but  a  single  membranous 
osatficacion  in  each  ramus,  which  posteriorly  articulates  hy  a  rounded 
nMu/y/f  with  Ihe  squamosal  bone  of  the  cranium,  there  being  iippar- 
entjy  no  articular  osiification,  and  no  distinct  quadrate  in  connection 
with  the  mar»dible.'     In  the  Sauropsida  the  quadrate  articulates 

*  Swt]i«  biuoducioty  ch«ptM  on  lie  MamniAliatCHiipterKii.] 
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directly  with  the  periotic  region;  but  in  the  greater  number 
Fishes  the  mandible,  as  akeady  mentioned,  is  connected  with 
cranium  by  means  of  the  hyomandibular  suspensorium  (fig.  823). 
Having  now  noticed  the  leading  features  of  the  axial,  we  nuqr 
proceed  to  an  equally  brief  survey  of  those  oT" 
the  appendicular  skeleton.     In  all  the  hi^icr 
Vertebrates  the  limbs  are  divided  into  thnt 
sections  —  viz.,   in   the  pectoral  or  fore  Hmi 
the  arm,  fore-arm,  and  the  hand  or  maimt; 
and  in  X\\e  pelvic  or  hinder  limb  the  thigh,  i^ 
and  t\i.efoot  at  pes.     The  first  s^;ment  lua  t 
single  bone — the  humerus  of  the  arm,  and  tfie 
femur  of  the  thigh  (fig.  828) ;  the  second  hil 
two  parallel  bones — the  radius  and  ulna  in 
the  fore-arm,  and  the  tibia  and  _fibula  in  die 
leg  (tig.  838);  while  the  third  segment  con- 
tains a  number  of  bones  arranged  in  not  moie 
than  five  longitudinal  rows  (figs.  828,  829)^ 
with  the  exception   of  the  Ichthyopterygiu 
Reptiles.     The  bones  of  the  manus  and  pet 
are  again  divisible  into  three  sections — vit, 
proximally  the  carpus  or  wrist  in  the  maniu 
(fig.  829},  and  the  tarsus  or  ancle  in  the  pes; 
mesially  the  metapodium,  or  metacarpus  of  the 
manus  (fig.   829),  and  the  metatarsus  of  the 
pes  (fig.  828);   and  distally  the  phalangeals 
(figs.  828,  829)  of  the  digits.     With  the  a- 
ceptton   of    the    Ichthyopterygia,   where  the 
normal  digits  appear  to  have  divided,  in  all 
known  forms  the  number  of  functional  digits 
does  not  exceed  five;  and  these  are  enum- 
erated consecutively  from  the  radial  or  tibial 
side,  so  that  the  pollex  or  thumb  of  the  manus, 
and  the  hallux  or  great  toe  of  the  pes  are  always  termed  the  first, 
and  the  little  finger  and  toe  the  fifth  digits.     Except  in  the  hallux 
there  are  usually  not  less  than   three  phalangeals  in  each  digit 
of  the  pes,  but  their  number  may  be  reduced  in  the  manus.     The 
bones  of  the  metapodium  correspond  in  number  with  the  digits, 
and  consist  of  a  single  transverse  row. 

Although,  as  we  have  stated,  the  number  of  digits  in  the  higher  Ver- 
tebrates is  typically  five,  yet  there  appears  to  be  considerable  evidence 
that  the  number  was  originally  seven.  Thus  in  many  pentedactylate 
Mammals,  and  also  in  some  Reptiles  and  Amphibians,  there  is  found 
on  the  radial  or  preaxial  border  of  the  carpus  or  tarsus  a  small  ossification 
which  Dr  Bardeleben  terms  the  prepoller,  or  prehallux,  and  regards  as 


Fi^.  BiS.  —  Donal  upeci 
of  right  ianomtiatc  vni 
pelvic  limb  of  the  Oiiin- 
puuee  ( Trv£ladjit{x\  re- 
duced, i,  Innominalc  ;  /\ 
Femur ;  t.  Tibia ;  i,  FJbub  ; 
r,  Tantu :  101,  Metuanus ;  /, 
PhBlangeala,    (After  Owen.) 
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ftcKpTDcatalive  of  u  additional  radial  digit.  S\m\\iir\y  the  jiist/i>nn 
btM albc oupos,  which  occun  oa  the  ulnur  or  posiatial  boidcr,  and  in 
Hi—nili  t»  usuaUy  described  as  one  uf  the  so-called  sesamoid  bonu,  Is 
boted  qnn  b;  the  suae  authoiity  as  the  icprescDUlirc  of  a  seventh 
Apt  tm  tbc  ulnar  side. 

llii(VobabIe  that  the  nrprn  and  tarsiat  were  original!)-  formed 

qn  a  ctxiunon  t)-pe,  which  persist:*  in  a  more  or  less  unaltered 

oaidilion  in  certain  Amphibia  and  Reptilla  {fig.  S39).     In  such  a 

((MialiMd  tji^  there  15  a  di&tal  row 

flf  fire  cupaiia  (fig.  839),  or  Lirsnlin, 

Mkuliting  with  the  iDctapodials.    1'his 

ii  pnctded  proxjnially  by  another  row, 

CBRHitiflg  of  an   intertiudium,   flankctl 

in  tV  monus  by  a  radiaU  and  uinart, 

-■    Ihe    pes    by   ft    /ih'aU    and 

,   twpectivdy  articulating  with 

'  epipodial  bones  of  the  fore- 

idius  and  ulna)   or  leg   (tibia 

'  ■  mb).      The    middle    space    l»c- 

ttem   iheae    two    transverse    tows    of 

bom  b  occtjpicd  by  one  aniraie,  or  oc- 

osianally  by  several  antralia-    Modili- 

mioas  from  tbis  type  are  caused  by 

(fas  oppression  or  coalesceooe  of  Mine 

of  these    elements.      All   the  carpals 

ad  tarsals  in  ihc  Mammalia  hare  re- 

ccired  distinct  names,  which  will  be 

noticed  under  the  head  of  that  class  \ 

Un  it  may  be  ol»en-ed  here  that  the 

faigber  Reptiles  and  Birds  agicc  with 

liie  former  in  having  two  bones  in  the  proximal  row  of  the  tarstis 

— lii;,  the  etUotncMm  on  ihe  fibular,  and  the  astra^alHs  on  the  tibial 

ude. 

The  protuberances  for  muscular  attachment  at  the  proximnl  ex- 

^■tnity  of  the  buinenis  are  termed  tubfrfiilia,  while  those  of  the 

^^■uf  ore  known  as  troihanters.     The  latter  bone  in  the  Saur- 

^^idft  may  also  haw  an  tniur  troihanUr  on  its  shaft  for  the  at- 

'    tsdunent  of  \\\t  femom^oudal  muscle  ;  while  in  the  Mammalia  there 

may  be  a  tktrd  trwkanter  for  that  of  the  gluteus  maxSmus,  as  is 

I    thown  in  the  femur  of  JiAinoetros  represented  in  fig.  1*36.     Both 

the  humerus  and  femur  have  more  or  less  distinct  (ondyks  at  the 

.    lover  extremity  for  the  articulation  of  the  bones  of  the  forearm  and 

leg — chose  of  the  humerus  being  often  termed  innkUa.     Above  the 

cmdyles  or  trochlea  the  humerus  has  projecting  tpiojndyiti  on 

eiihg  ftiik;  and  there  Is  frequently  a  foranicn  bituaicd  above  citbei 


V, 


11. 

Fil.  *Tti  — norul  u|«t  or  lh« 
it|ht  manut  of  a  Cbt|i^U*>  K<blll« 
(ClulydnX  ra.  RaOiia:  ml.  uitix: 
r,  I,  a,  K.ul<iili,  ulnuv,  •!>■]  imcT- 
medlum;  f.  Ccnuik;  1  — s,C>rpalia; 
m,  MemUfpali:  /,  pMunul  p(ia|. 
>iUte>)>i  i-'v..  Ttnnttul  Ju.,  I.  bcint 
ihttnllo.    (Ariel  CtCfnbkut.J 
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the  outer  or  inner  eptcondyle.  When  placed  above  the  outer  or 
radial  epicondyle  this  foramen  is  tenned  ectepicondylar,  and  wfaa 
above  the  inner  or  ulnar  epicondyle  entepUondylar.  The  proxtmd 
extremity  of  the  ulna  is  often  produced  into  an  oUeranon  (fig.  1300^ 
which  projects  behind  the  end  of  the  humerus.  The  distal  a- 
tremtty  of  the  tibia  in  certain  Sauropsida  develops  from  its  anterior 
aspect  a  ridge  or  process  known  as  the  cmmial  crest;  whUe  the 
deltoid  crest  or  ridge  is  a  prominence  situated  below  the  head  of  tbe 
humerus  on  the  radial  side,  to  which  the  attention  of  the  paheoD- 
tologist  is  not  unfrequently  directed.  Finally,  the  patella  is  a  so- 
called  sesamoid  bone  developed  in  the  tendon  of  a  muscle  passing 
over  the  pulley-like  surface  or  trochlea  on  the  anterior  aspect  of  tlie 
distal  extremity  of  the  femur. 

Since  the  limbs  of  Fishes  differ  considerably  from  the  higher  type 
of  structure  noticed  above,  their  consideration  may  be  deferred  till 
we  come  to  that  class.  Before,  however,  leaving  the  subject  of 
limbs,  it  should  be  observed  that  it  is  often  convenient  to  allude  to 
the  corresponding  or  homologous  sides  of  the  fore  and  hind  limbs 
by  a  single  term.  If,  then,  we  imagine  the  limbs  extended  more  or 
less  nearly  at  right  angles  to  the  axis  of  the  body  (as  on  the  left 
side  of  fig.  814),  with  the  palm  of  the  hand  and  the  sole  of  the 
foot  directed  to  the  front  or  ventral  aspect,  the  middle  digit  of 
each  limb  will  be  axial,  when  the  poUex 
and  radius  of  the  pectoral,  and  the  homo-- 
logous  hallux  and  tibia  of  the  pelvic 
limb,  will  be  obviously  preaxial ;  while 
the  fifth  digit  of  each  limb,  together  with 
the  ulna  and  the  fibula,  will  be  postaxial. 
The  whole  of  the  radial  and  tibial  sides  of 
the  limbs  will  accordingly  be  known  as  the 
preaxial,  and  the  ulnar  and  fibular  as  the 
postaxial  border. 

The  remaining  parts  of  the  skeleton 
comprise  "dxt.  pectoral  xaA  pelvic  girdles,  by 
which  the  corresponding  limbs  are  respec- 
tively connected  with  the  trunk,  and  of 
which  the  relative  positions  are  shown  in 
fig,  818.  The  pectoral  arch  is  never  con- 
nected by  means  of  ribs  with  the  verte- 
brae, and  primitively  consists  of  three  main 
bones  developed  in  cartilage.  On  the 
dorsal  aspect  of  the  body  we  have  the 
upper  bone  or  scapula  (fig,  830,  j) ;  while  on  the  ventral  side  there 
are  two  parallel  bones  (fig.  974),  the  anterior  of  which  is  termed 


p.m- 


Fig,  Bjo.  —  Laleril  Mpecl  of 
tbe  carlilBf[e  boiKl  of  the  left 
>ide  of  ih«  ptciaral  girdle  of  a 
Liiard  {Iguana^,  t.  Scapula : 
m.sc,  MesofCapular  process  of 
do. ;  cer,  Coracotd ;  f.cor,  Pre- 
coracoida]  process  of  do. ;  trt.ar, 
Me^oconicoidal  proccsi  of  do. ; 
fyr,  Foramen  of  do.  J  gl.  Glenoid 
cavily. 
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lu  fmaramJ  (cf)y  and  the  posterior  the  foraioid  (<»).      At  the 

miction  <3i  these  three  bones  ihcrc  is  a  caviiy  for  the  aniculatlon 

of  the  bend  of  the  humerus  termed   the  glenoid  eavity.      Such 

kdK  (tfijiiitirc  condition  of  tht»  girdle ;  but  in  Reptiles  the  pre- 

H^ooid  very  rarely  exists  as   a  separate  Rssific;tlion,  ntthough   it 

flw  so  among  the  Anomodonts,  where,  at  least  in  the  young, 

it  fcran  ft  large  plate,  uniting  belou- 10  the  upper  edge  of  the  cora- 

tod,  Bod  entering  into  the  formation  of  the  glenoid  cavity.'     In  all 

aba  cise«  it  is,  however,  completely  fused  cither  with  the  scapula 

n  tbc  coracoid.     Thus  in  the  Chclonia  (fig.  1008)  the  prccomcoid 

mins  its  primitiii;  forni  and  condition  of  a  transverse  bar,  which 

i^  bowever,  completely  fused  with  the  scapula.     In  the  LizAids, 

on  ihe  other  hand,  this  bone  has  united  with  the  coiacoid,  of  which 

II  fonns  the  prccoracoidal  process  {fig.  830,  p.eor) — the  foramen 

[V)  marking  the  original  line  of  reparation  between  the  two  bones. 

In  Dinosaurs  and  many  other  Reptiles  the  prccoracoidal  process 

bu  diiappeared,  and   only  the  foramen   remains ;  while   in   the 

thfhytppter^-gta  even  this  is  wanting.     A  further  reduction  occurs 

in  the  higher  Mammals,  where  the  whole  of  the  coracoid  has  dis- 

afpatltd  as  a  distinct  lionc.     The  coracoid  is  subject  to  threat  I'ari- 

ttipa  in  ^lapc,  and  may  cither  simply  meet  its  fellow  by  an  overlap- 

Wtg  or  sutural  jurKtion,  or  may  aniculatc  with  the  sternum. 

^i  ciavkUj  mainly  developed  from  membrane,  may  be  connected 

■ilfa  tfae  preaxial  borders  of  the  scapula  and  coracoid ;  while  a 

QCkial  T-^upcd  interxlai'UU  (fig.  819),  which  is  also  developed 

from   meml^rane,  m,iy  receive  the  inner  exlremities  of  the  two  cla- 

m.\ts,   and  then   usually  overlies  the  uppt-r  part   of  the  Alcrnum. 

Fitully,  there  may  also  be  a  single  or  double  mesinl  omosUmum 

Icveloped  on  the  ventral  aspect  from  cartilage  lying  near  the  an- 

eriar  extremity  of  the  girdle.    An  illustration  of  the  [xisiiion  of  this 

tone  is  shown  in  the  pectoral  girdle  of  the  Frog,  represented  in  fig. 

►74. 

In  the  pelvic  girdle  we  have  three  separate  ossifications  arising  in 
anil^e,  of  which  all  three  usually  unite  to  form  an  aeetabulum 
fe  ftsif'  a.  i)  for  tbe  reception  of  the  head  of  the  femur,  or  thigh- 
xme.  The  bone  commonly  kiwwn  as  the  haunch-lione  forms  the 
lonal  dement,  and  is  technically  termed  the  ilium  {ibid.,  Ji) ;  it 
xwmponik  to  the  scapula,  and  usually  .iriiculatcs  witli  the  sacrum 
)y  short  ribs ;  while  in  the  ventral  half  we  have  anieriorly  the  puNs 
«hirf'.,  P),  TcpTcscnting  the  prccoracoid  ;  mid  posteriorly  tlie  ii(hinf>t 
|iN/.,  /*),  which  corresponds  to  the  coracoid.    The  two  latter  bones 

» ly&t  piWOTicoW  appeara  to  conwpwid  with  iIip  '««ie  \tmeA  tpUaromd  by 
Ptafaaor  Copt,  aa4  alto  the  one  w>  nMotd  in  the  M'lnoitrmc  Maninink. 

•  llcre  the  *«t»twlum  if  fo.m,«d  hy  only  iwn  l>imcs.  and  it  hii  been  suffgestcd 
^tX  the  iMBe  ktleted  pubis  may  be  really  an  vpi)iubU. 
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very  generally  meet  those  of  the  opposite  side  in  a  ventral  syift 
physis ;  and  when,  as  is  ftequently  the  case,  the  three  bones  ol 
either  side  are  anchylosed  together,  an  innominate  bone  results  (fig. 

ii28^u').  The  ischium  and  pubis 
of  the  same  side  may  also  unite 
inferiorly  so  as  to  enclose  the 
obturator  notci,  F,  which  thai 
forms  the  obturator  foramen  (fig, 
ii28^m);  whi]e  an  obturator /Pro- 
cess of  the  ischium  may  form 
a  smaller  foramen  below  the 
acetabulum,  as  in  the  pelvis  of 
Camptosaurus,  figured  in  the 
sequel  (fig.  1052).  As  a  rule, 
there  is  no  tendency  to  a  reduc- 
tion in  the  number  of  the  pelvic 
bones  in  the  higher  fonns.  It 
may  be  mentioned,  in  conclu- 
sion, that  a  median  ossificatitn 
at  the  ventral  symphysis  of  the 
pubis  and  ischium  found  in  cex- 
iain  Edentates  has  been  named  the  /ehtstemum,  and  regarded,  as 
the  abdominal  representative  of  the  sternum.  This  appears,  how- 
ever, to  correspond  with  the  median  ossification  found  in  the 
Ungulates  (fig.  112$  bis),  which  is  generally  looked  upon  merely  as 
an  epiphysis.  The  pectoral  and  pelvic  girdles  of  Fishes  are  nodrad 
in  the  next  chapter. 

It  may  be  well  to  observe  here  that  genera  being  purely  and  simidy 
artificial  divisions  formed  for  the  convenience  of  classification,  it  is  quite 
unnecessary  that  they  should  be  of  equivalent  value  in  different  groups 
of  animals.  As  examples  of  vertebrate  groups  in  which  generic  temu 
are  used  in  a  wide  sense,  we  may  cite  the  Reptilan  order  Sauropterygia 
and  the  Mammalian  family  Rkinocerotida:  \  while  as  instances  where  a 
more  restricted  application  is  employed,  we  may  mention  the  ordei 
Chelonia,  and  the  family  Bovida,  The  statement  we  not  unft«quendy 
hear  that  such-and-such  a  form  must  represent  a  distinct  genus  implies 
a  total  misconception  of  the  import  of  generic  terms. 


lor  nolch 
cuily 
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Dlch:  tt,  i,  6,  Acclmbulum,  with  iu  va- 
;  t,   ,  Cartilagiooiu  utenuoni  of  illam. 
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CLASS  r/SCES 


Gekeral  Structure, 


:inanbcra  of  the  cloiis  Pisces,  commonly  known  as  Fhhcs,  form 
Ihe  fim  division  of  Professor  Huxley's  Ichthyopsida,  and  are  gener- 
lifr  cbAncuTuett  by  living  in  waicr;  breathing  by  branchic,  or 
^Bs,  ibfooghout  life ;  having  the  heart  furnished  with  a  single  i-en- 
Bide  and  auricle  (atrium);  having  the  limbs,  when  present,  in  the 
kna  of  liru;  beinj;  proviJed  wilh  unpaired  median  fms  supported 
bf  fiiMsys  ;  and  by  the  skin  being  cither  naked,  or  covered  >vilh  dcr- 
M]  scales  or  bony  scutes.     There  is  no  amnion  or  allantoi*  devel- 
oped in  the  embryo^  and  the  reproduction  is  nearly  always  oviparous. 
CWain  forms  do  not,  however,  exhibit  all  the  above  features,  and 
Uie  relation  of  the  more  generalised  Ki»hcs  to  iJic  Amphibia  is  ver>- 
inttmate.     llie  peculiar  system  of  mucous  canals  and  the  lateral 
Kae  are  hi^y  characterisitic  of  Fishes,  althoujjh  they  arc  not 
irmDiabljr  picsctii. 

Before  noticing  such  features  as  arc  of  especial  importance  to  the 
palKoniologisi,  it  will  be  convenient  to  mention  that  according  to 
the  arraj^ement  adopted  in  this  work  the  class  is  divided  into  the 
foOowing  six  orders — viz.,  Cyclostomi,  Elasmobranchti,  Chimeroidci, 
DiptMi,  Gartotdei,  and  Tclcostei,  of  which  the  salient  features  will 
be  noticed  in  the  succeeding  chapter.  I>r  (iiinthcr  has,  indeed, 
proposed  to  bracket  together  the  second,  third,  fuurth,  and  fifth 
ofdcrs  as  a  subclass  under  the  name  of  FaUcirhthycs,  ranking  as 
cqui^'alenl  lo  the  CycloMomi  and  Teleostei.  Professor  Huxley,  I)r 
Traquair,  and  otben  have,  however,  shown  that  the  Ganoidci  are  so 
iBttmaiely  cooneried  with  the  Teleostei,  while  the  F.lasmobranchei, 
Qlimeroidci,  and  Dipnoi  differ  in  so  many  ri>spccls  amotig  th^-ni- 
sdvea  and  from  the  foniwr,  tluit  such  a  grouping  does  not  appear 
rantonont  vn'th  their  tnic  relationship. 

Aaotber  scheme,  proposed  by  Professor  Cope  and  adopted  by 
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Fig.  Sja.— C)-c1oid  scale, 
enlu^ed. 


i 


Fig.  833.  —Ctenoid  scale, 
entarged. 


Mr  Smith -Woodward,  is  to  brigade  the  Teleostei  and  Ganoidei 
together  in  a  subclass  under  the  name  of  Teleotomi,  with  tmlinal 
divisions  differing  somewhat  from  the  subordinal  ones  employed 
below,  and  to  raise  the  Dipnoi,  Chimeroidei,  Elasmobranchei,  and 
Cyclostomi  to  the  rank  of  subclasses,  with  the  concomitant  eleva- 
tion of  their  respective  suborders  to  the  tank  of  orders.  It  seems, 
however,  scarcely  to  harmonise  with  the  divisions  adopted  in  the 
other  classes  of  Vertebrates  to  regard  a  group  like  the  Chimeroidei 
as  a  subclass,  and  accordingly  the  view  of  Professor  Huxley  is 
provisionally  followed  of  regarding  the  Elasmobranchei  and  Chi- 
meroidei as  divisions  of  ordinal  value. 

Although  the  body  in  all  Fishes  must  be  adapted  for  progressioo 
through  the  water,  yet  there  is  an  enormous  range  of  variation  in  its 

contour  among  the  differ- 
ent groups,  as  we  may  ob- 
serve when  we  contrast  a 
Lamprey,  a  Shark,  a  Flat* 
fish,  a  Ribbon-fish,  and  a 
Globe-fish.  The  dermal 
structures  termed  scales, 
which  are  so  characteristic 
of  Fishes,  present  many 
types  of  structure.  In  the  Teleostei  they  usually  form  thin  plates, 
frequently  marked  by  concentric  lines  and  not  formed  of  true  bone 

When  the  posterior  margin  is  simple 
(or  entire)  such  a  scale  is  termed  Qfdoid 
(fig.  832),  but  when  denticulated,  ctett- 
Old  (fig.  833).  Other  examples  of  this 
type  are  shown  in  figs.  834,  a,  b.  In 
many  Ganoids  and  a  few  Teleosteans 
the  scales  are  much  thicker,  and  consist 
of  a  variety  of  true  bone  covered  exter- 
nally with  an  enamel-like  substance 
termed  ganoine.  Such  scales,  of  which 
specimens  are  shown  in  fig.  834,  e,  and 
fig.  835,  are  termed  ganoid ;  they  are 
arranged  in  oblique  rows,  and  connected 
together  by  a  peg-like  projection,  their 
shape  being  oblong.  Scales  of  ganoid 
structure  may,  however,  be  much  thin- 
ner, and  resemble  the  C)xloid  type  in 
their  contour  and  their  imbrication. 
Lastly,  the  bony  dermal  scutes  or  plates,  frequently  armed  with  a 
spine,  which  occur  in  the  skin  of  the  Sharks  and  Rays  (fig.  834, 
c,  d),  are  strictly  comparable  in  structure  to  teeth,  consisting  of 


F.ax)\  b.  Ctenoid  uilc  of  Pereh 
{PtnaY,  c,  Dernul  pltiie  of  Thorn. 
bacV  iSaia):  d.  Do.  of  Monkfish 
(i'^Bii/iM);  t.  Ganoid  scales  of  Pal^f 
OHiiciH.    a  ud' enlarged. 
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pectoral  fins  may  be  dtvtiopcd  into  huge  dermal  spines,  which  in. 
some  cases  articulnte  by  a  complete  shackle-joint  with  the  lusai 
bones.     Similar  spines  arc  also  developed  in  the  Elosmolininchei 


■/^■■'*r^yi 


Fi|.  t]T.-Uft  tannJ  vitw  rt  th«  P*reh  KFtrtaV     *,  Gill-caTCi,  "rllb  gJU-tlh  USInd  li ;  A  he- 
iMtlKa;  n,  Palri<do.:  ^nncdonal  6a.%  d',  Sccaw]  doful dix ;  f,  M(«f»l  Im*.    KeducM. 

(fig.  S38);  Iiut  here  they  are  ainiply  inserted  into  the  6csh,  or  are 
atuched  only  by  cartilage,  sw  that  iheir  basal  end  is  rounded  off. 
Siniilar  spines  (fig.  83S,  i)  may  aJso  occur  behind  llie  head.     Such 


,J3UV\V1 1  UADBIMi 
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it^i/7/^ 


=^^^^ 


./ 


'-V 


V 


riK-  S)!.— Spltci  and  Iceth  of  EUnnohrinchd.     i,  Nuchil  ipinc  fX Flnruc^ttuit  I  *,  Pin- 
^  \'>o.  al  Cltm»fty<Uiu.    UiiloiiKctaiu.    i-t  wcrcduoa). 


Spines  when  found  fossil  are  frequently  known  as  uhlhyodenUhs, 
and  form  important  object*  to  the  pnla.'otnologist.  Their  structure 
is  identical  with  that  of  the  sonialled  placoid  scales  and  of  teeth. 
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being  1  central  pulp-cavity,  surrounded  by  a  layer  of  dentine 
'ermtieaaat,  which  U  corered  with  enAincl. 

He  leeifa  of  Fishes  present  a  g;reater  amount  of  variation  than  is 

fo«Mlin  sny  other  class.     They  niay  be  entirely  absent,  or  may  be 

(nsQil  on  all  the  bones  of  the  muuth,  and  also  on  the  hyoids  and 

bnndMl  arches,  while  they  may  be  attached   merely  to  the  nn-m- 

bme  of  the  mouth-cavity.     Very  frequently  they  arc  attached  by 

ladiylisiit  to  the  underlying  bone  or  cartilage  (lig.  ^36),  but  they 

n^  he  implanted  in  di&tinct  sockets  or  alveoli.    The  dentine  is  usu- 

ill;  dininguished  from  that  of  the  teeth  of  higher  Vertebrates  by  its 

ptata  mculnrity.     The  coating  of  enamel  is 

ItBoalljf  TCry  thin ;  but  it  is  more  developed 

A  tile  cutting-tcdh  of  Sargvs.      Occasionally 

(Am^mfiu)  radiating  prolongations  of  the  pulp- 

ovity  may  penitrale  the  dentine  from  the  centre 

B  4e  pcripher)-,  tlius  producing  a  structure  like 

i*ai  of  the  teeth  of  the  Labyrinthodont  Am- 

piiibtUM.    There  i*  generally  a  constant  renewal 

al  the  teeth  of  Fishes  during  the  whole  of  life  ; 

boi  occasionally  one  set  persists. 

Tuminf;  to  the  endoskeleton,  and  commenc- 
ing vith  the  vertebral  column,  we  find  that  the 
imebne  can  only  be  divided  into  a  trunk  and 
a  cuMbI  series,  and  that  there  is  a  gradual  pro- 
pasioa  in  lespect  of  osfiification  from  the  lowest 
to  the  highest  forms.  Thus,  in  the  Cyclustonii, 
thr  noiochonl  persists  throughout  life,  and  is 
SeoeraJly  unscgmcntcd,  although  rudimcntal 
neural  arches  and  spines  are  developed  in  /V/- 
mmysom.  The  vertebral  column  of  the  Carli- 
liginou!!  Ganoids  is  very  similar  to  that  of  the 
bOer ;  but  in  Bony  Ganoids,  Elosmobranchci, 
tnd  Teleostei  paired  cartilages,  arising  both 
ilxive  and  below  the  notochord,  gradually  sur- 
round it.  and  thus  form  ^Irongly  nniphicceloua 
vertebral  centra.  In  the  Sharks  these  centra 
exisi  without  arches,  but  in  the  other  orders 
there  are  wdWc^'eloped  neural  arches;  and  in  the  trunk  region 
^ben  arc  also  lateral  basa/ pnxtitti,  which  in  the  tail  unite  infcriorly 
to  Ibfin  a  hamal  arch  for  the  caudal  artery-,  .ind  develop  a  hx*mal 
qiine  <fig.  839).  There  is  a  great  tendency  for  the  neural  arches 
to  remain  open  superiorly;  and  the  only  Fish  in  wliicli  the  venebrK 
arc  not  amphicoelous  is  the  Ganoid  l^pidostnis,  in  which  they  are 
opisthoccetous.  Oiily  in  the  Chimeroidci  and  certain  ELtsmo- 
ane  there  definite  articulations    between    the   vertebral 


-Xj 


Fie-  Sjt).— AalerloT  »■ 

of  ■Tflconl'aii  Fhb  tti, 
Ntural  .filne:  •■•.  N»u- 
ml  ureh;  «,  Aiiitular  pro- 
r«itH ;  ha,  HmtniX  nrrh ; 
k;  Hsoial  tpinc  {Afm 
GOnthsi.J 
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column  and  tlie  cranium ;  the  poi^terior  aspect  of  the  basioccipl- 
lal  in  other  groups  forming  a  cup  like  that  of  a  vertebral  ccotnun. 
The  mode  in  which  the  vwlcbraJ  column  tcrniinates  posteriorly  it 
of  considerable  importance  in  classification,      The  most  primitiTt 


'-hri. 


B 

* 

Fig.  84a.— A,  f»l]t*Unu.  uid  Di  OittBUfiU  (Caoaidili  n  ■liea'  diphTccnal  caudal  ifc 

a,  Pcciont;  t,  Ventnl;  c,  arul:  if,  Darul  dn.     RnliKed. 

type  occurs  in  tht  Cyclostomi,  Dipnoi,  and  many  Ganoids,  where 
the  nntochord  continues  to  the  extremity  of  the  body,  and  ts  sjiii- 
iiietrically  surrounded  by  the  caudal  fin,  as  in  fig.  8+0  ;  this  type  is 
known  as  dijfkyarm/.    In  the  other,  or  A-Arroarcfl/ type,  thenotochord 


««.«*?.. 


ft,  Swocd-fiih :  D,  SldrBfrtn,  w  ihnw  Ruukwl  (hotnonru]}  and  typk*) 


is  bfnt  upwards,  owing  to  the  greater  deielopment  of  the  lower  as 
compared  to  the  upper  half  of  the  tail.  I'his  feature  may  be  observ> 
able  externally,  as  in  the  Sturgeons  (fig.  S41,  b)  and  Sharks ;  or  may 
be  maaked,  as  in  the  majority  of  Tclcostcan  Fishes  {fig.  841,  a),  by 
the  s)'in metrical  arrangement  of  the  fin-rays.      The  skeleton  (fig. 
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Plf.  Sta.— Tail  «f  FtoaiHlvr.  (flftri  f\Ttaii  )  9. 
VtrttlR*)  calnnui-  ■,  Turntd-up  tnd  of  lb*  im*- 
dbsid :  ^a  Hxpunu  booa. 


1)  dio»5,  howcrer,  the  apward  bend  of  the  nolochord,  although 
Ikauftrf  nuch  less  marked  ia  the  adult  than  in  the  young.  'Hiis 
vaAtA.  bctefocercal  type  is  sometimes  described  as  homocerat/. 
Hk  coilaced  tuemal  ^Mnes  found  in  this  type  of  tail  arc  known  as 
kjftrat  bones  ((ig.  84s,  4), 

; 


«bile  the  OHificd  extremity 
cf  ihe  DOtocboiil  u  termed 

The  skulls  of  Ftsbca  pre- 

mt  nnaitons  in  icgud  to 

Adr  d^rec  of  ossification, 

aa)ogoi»  to  those  obtaining 

dtte  vertebral  column.  The 

fntnl  uniciure  of  the  pri- 

nitnecwtikginoiii  skull  has 

lea   alreatly   irxlicated    in 

CbqKtr  xhr.  (fig.  823),  but 

»•  most  here  glaiKe  briefly  at  certain  bones  developed  in  the  more 

y^B*^  forais  which  are  peculiar  to  the  class.     Thus,  taking  as 

10  oample  the  idiull  of  a  TdcoMcan   Fish  (fig.  84^),  where  die 

pimttivc    cranium    is 

CDoccated  by  the  dc- 

ttlofaait  of  inventing 
bMle^  we  find  two 
peculiar  ossifications  in 
ihe  aoditory  region 
howl)  as  the  pcerotic 
(JW,  Pie),  which  is 
ooealiivm\  to  repre- 
sent the  squamosal  and 
oputiwcic  of  higher 
Venebrates,  arxl  the 
tphenotic  {i^d.,  S/A). 
A  laige  panisphcnoid 
is  itlwayE  present  infe- 
rioriy  (fig.  844).  The 
intervention  of  the  hy- 
otnajidibular  and  sym- 
plectic  {Ct^  833  and 

rale  and  the  squamosal     '*•'■  A«»io«tar;  J?t,  D«uiy;  ^,  ite.    (AIwi  WnJuihsim.) 

region  has  been  already 

mentioned  in  Chapter  xW.  as  peculiar  to  Fishes  (although  ii  Is  by  no 

universal  in  the  class) ;  and  ve  must  also  mention  that,  in 

ition   to  the  rwnnal  palatine  and    pterygoid  twncs  developed 


tw. 


MS 


Fia.  If).— ■''^  iMKnil  nrm  ef  the  ttull  <rf  %  Traul  (Salm^Y 
A'A  ^ri*""^;  /^t,  PmimEc;  J>t,  SphtnoiK;  <'i.  Sum- 
ot<  ■       *    I'lrietal;  A  Fnnul .  i^etk.  F.lh'ri'iiiJ ;  (m, 

Ai'  L9<y(xtvq;   jVy,  Niim.1  i  /'«<»,  IV*ma"iilji; 

ii.     ■  • .     'x,  Jujio';     l*f'.    Me(opnryi;«ii1 ;,   'W/, 

t,  Sjvvkcik  1  Qm,  Qublnue :  /V,  U/,  Sfj-,  )'ib-,  >»icr-,  and 
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round  the  cnnilaginous  iwlatopterygoid  bar,  there  occur  in  Teleo&ti 
the  mfso-  and  metaflerygoid  (fig.  84 j,  Mt,  Mfp).  \\\  the  same 
the  orbilat  region  likewise  develops  a  series  of  membrane-t 
round  the  eye,  forming  the  sttborhitais  or  orbital  ring  {ihiJ., 
while  the  ^■"'^i'''"'''  «r  operculum  (of  which  the  first  trace  is  founc 
the  Chimseroids  in  a  fold  from  the  hyomandihular  overlapping  the  1 
first  gi!!-slit)  is  formed  by  the  preojvrttiiar,  aptratlar,  suboperaclar, , 
and  iafraoptradar  {ibid.^  Pr,  Op,  Sop,  Jop),  which  are  broad,  scale- ' 
like  membrane  Ijonci.  In  the  branc/uostegal  memirant,  whicb 
unites  with  Ihc  gill-cover  in  closing  the  branchial  chamber,  there  ■ 
is  developed  a  number  of  iiraachiosfegal  rays  {fig,  843,  fisS,  and 
fig-   844,  Ao) ;   but  these  may  be   partly  or   entirely  replaced  bjr , 


^In-  B14.— R!chl  ude  of  the  cianiuin  ur»]Kr  uf  «  feich,  losether  viib  ibc  hj-otd 
chuTsnheK  and  Ihi  aalvlc  Dtrdlo.  i*.  Ki^'I^Aynl :  t».  Kplhml :  rk,  Centoh>'al :  M. 
^1  GloMohytil  1  Hi.  ITrutiyil ;  h«,  BrnnUiiinlcuiiI  ray>  ;  ri^,  CcrtlelirBiKlil*! ;  tt,  "f" 
Xr,  On*  oT  iha  "^tll-rsVin  "  of  itic  (itvi  IiriDLliLiI  anh; /a.  Pamphmpid  :  t».  Suptwodptal ; 
M,  PbuUHporal;  kI.  Ku|>ru:Uiia.ul>f ;  ■/.  dnvitolari  fcl,  'I'be  tsopatco  oTtlic  poMcbifaa- 
lar ;  ac,  Sopuli :  t»,  CorsMid. 

jugniar  plaits,  occupying  the  space  between  the  rami  of  ihc  man- 
dible. The  hyoid  arch  (fig.  844)  is  attached  to  Ihe  inner  side  of 
the  hyomandibuliir  by  a  stylokyal  {i{>id.,  sfi),  articulating  infcnorty 
with  the  tpihyai  (tK),  and  the  latter  with  Ihe  large  etrafohyal  (ek)', 
the  two  latter  carrying  the  branchiostegals.  The  inferior  pett  of 
this  arch  is  formed  by  the  batihya/  {bh),  from  which  the  ghsiohyal 
{j:h)  extends  forwards  ijito  the  tongue,  and  pOEttcriorly  articulates 
with  the  first  of  the  basibranthiais,  mentioned  below.     The  urokyal 
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I  in  wrticaily-cooi  pressed  median  bone,  extending  backwards 

dw  huibya^.     Bcliind  the  hyotd  aicli  occur  tlic  brixruhial 

.  the  ftrsl  of  whtcli  consists  of  a  tnedinn  i-w/Mi****;'.!/,  and 

ilnenlljr  from  below   opwards   of  a   Hypohranehiai.   <€rati^ran(hiat 

(fijt  844,  r*),  tfihramhiai  (M),  and  pharyHgobranehml.     The  lallcr 

toco  ill  the  second  and  thud  arches  are  tailed  sujvrior  pharynj^aif, 

Jly  cany  teeth.     Finally,  the  f^'/l-rakfrs  (fig.  844,  ^-r)  arc 

ke  bones  attached  to  the  inner  margins  uf  the  branchial  arches. 

b  the  mandible  there  is  usually  (lig.  843} 

1 1  dtnl»7  snd  articular  piece ;  but  an  angu- 

\tt,»A  more  nuely  a  splenial  or  coionoid. 

Bay  tUo  be  prcMRt. 

In  [be  appendicubr  skeleton,  we  iind  the 

ptOml  girdle  of  Ganoidit  ainl  1'clcoateans 

csuiuiKg  infcriorly  of  llie  primary  cartiia- 

fetm  clement^  corrcspoodtng  to  the  sca)i- 

nil  ml  coracoid  (5g.  844,    ir,   co),  and 

■pnicfly  Add  Ulcrally  of  a  secondary  chain 

cf  booet  developed  from  membrane,  and 

tiwdiling    supenorly    with    the    ptcrouc 

of  the  skull.      The  hones  of  this 

chain    are  named   Iram    above 

fioiftemporal  <fij{.   844,  //),  w- 

(W),    elavuuiar   {fly,    and    a 

ir  of  two  pieces  (/W) ;  while 

may  be  also  an  infriidavU  -'»r  be- 

loi  the    clavicular.      In    Elasmnbianchci 

ooly  the  eanilaginous   primitive  girdle  is 

dndoped;    while    in    Dipnoi    the    girdk- 

i  td  very  peculiar  stnicturc,   and   some- 

riiat  tntennediate  between   thai  of  Elas- 

nobtanchei    and    Tdeosiei.      The    pelvic 

ptdic  is  generally  wanting ;    bul   in   the 

D^moi  there  is    a    median    cartilaginous 

pJate,  with  anterior  and  posterior  paired 

prucesKS,  of  Khicli  the  former  are  iliac. 

and  the  taitCT  give  attachment  to  the  hind 

baJbt.      Elasmobranchii  generally  show  a 

degenerate  pcU-ts  of  this  type. 

Tbc  pectoral  and  (Jclvic  limbs,  or  fins,  arc 
so  simdar  in  structure  thai  ihcy  may  be  eonsidcrC'd  togeiher, 
altboagh  the  development  of  the  latter  is  less  specialised  ihan 
of  the  former.  No  representatives  of  the  arm  and  forearm 
the  higher  Vertebrates  can  be  detected  in  Fishes,  the  b.isal  ami 
bones  or  cartilages  articulating  directly  with  Uie  pectoral 
vol-  II.  c 


Mb.  8«j.— SkckUiiiuiUn  Wl 

lytClorilllBibnfCrfnt'i^"*-    "• 
Jutcd.     (A/ur  GCalll".) 
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girdle.     In  the  Dipnoi,  and  especially  in  Cerdtodus,  the  pectoo^F 
(fig.  845)  and  pelvic  fins  are  supported  by  a  cartilaginous,  medu^ 
segmented  axis,  bearing  jointed  radii  on  the  dorsal   and  ventni 
borders — these  radial  cartilages  being  terminated  by  homy  demit 
fin-rays  ;  and  the  dorsal  radii  (left  side  of  figure)  being  more  nunw^ 
ous  than  the  ventral.     This  type  of  fin,  which  also  occurs  in  the- 
Ichthyotomous  Elasmobranchei,  is  known  as  the  archipterygam. 
From  this  slightly  unsymmetrical  type  of  fin  that  of  existing  Sd~ 
achian  Elasmobranchs  (fig.  846)  may  be  derived  by  the  gradual  b^k 
pression  of  the  ventral  series  of  rays,  and  the  development  of  tie 
dorsal,  which  has  now  become  lateral    Basally  the  jointed  radial  cv- 
tilages  articulate  proximally  with  the  pro-,  mm^ 
and  metapterygium,  which  in  their  turn  are  tt- 
tached  to  the  pectoral  arch,  and  the  latter  oT 
which   corresponds  to   the   basal  axial  caitilige 
of   the   fin    of  Ceratodus   (fig.    845).       In  4e 
pelvic  fin  of  the  Selachians  the  mesopteryginn 
is  absent,  and  the  propterygium  more  or  lev 
rudimentary.     This  type  of  (in  is  known  as  the 
khtkyapterygium.      The   fins   of    Ganoids    and 
Teleosteans  may  be  derived  from  the  Selachian 
type ;  but  the  primary  cartilaginous  skeleton  is 
Fig.  846.-skdeion  of  educed,  and  a  secondary  one  developed  by  the 
itw  left  ,p«ior»i  limb  of  introduction  of  membrane  bones. 
>,  Pro-;  fv,  Mew:  »/,       ficforc  leaving  the  structure  of  Fishes,  men- 

Weu^erypum.      Much    ^^^^     ^^^    y^    ^^^^    ^f    ^^^    otoHtfU,    which    SIC 

small,  rounded,  elliptical  bodies,  usually  with  one 
convex  and  one  concave  side,  tying  in  the  tympanic  sac,  and  com- 
posed of  both  calcic  carbonate  and  phosphate.  These  bodies  have 
been  carefully  studied  by  Dr  Koken,  and  several  genera  identified 
by  their  evidence  in  a  fossil  state. 

As  regards  their  distribution  in  time.  Fishes  being  the  lowest 
class  of  the  Vertebrata,  it  would  naturally  be  supposed  that  they 
were  the  earliest  representatives  ;  and  this  appears  to  have  been  the 
case.  The  earliest  known  fishes  in  Britain  belong  to  the  Ganoid 
group  Placodermata,  and  occur  in  the  Lower  Ludlow  group  of  the 
Silurian  ;  while  the  Elasmobranchei  were  represented  in  the  topmost 
group  of  the  same  series.  In  the  Devonian  and  Carboniferous 
periods  Fishes  become  abundant ;  but  all  the  forms  from  these 
horizons,  and  up  to  the  Cretaceous,  belong  to  the  Elasmobranchei, 
Chimseroidei,  Dipnoi,  and  Ganoidei — the  specialised  Teleostei  not 
making  their  appearance,  so  far  as  we  know  with  certainty  at  [wesait, 
till  the  Cretaceous.  The  Ganoids  of  the  suborder  Amioidea  ap- 
proximate, however,  so  closely  to  the  Teleostei,  that  it  has  been  a 
question  whether  some  of  the  members  of  the  Jurassic  family  L^to- 
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•iiicb  ore  usually  placed  in  the  former,  should  not  be 

[tmuferred  lo  the  latter  group ;  and  we  ma^  ihu^  t-onfidetiUy  expect 

Liofifldacuic|ilete  tninsiiion  between  the  two,     Alihough  many  of 

jibe  Cretie«oa$  Tdeonei  ore  more  or  less  closely  allied  to  existing 

jljpesv  il  a  iKii  until  the  Eocene  thai  we  find  a  fish-rauna  conipar- 

I  able  Co  that  oT  the  present  day;  and  we  m.iy  note  thnt  the  resem- 

;  bhaac  oT  the  /ishes  of  the  Roccnc  to  those  now  living  is  in  marked 

tsMist  to  what  obtiiins  in  Maminals,  whcrtf  the  m:ijurity  of  Eocene 

lEnea  are  extinct.      The  persistence  of  i>onic  genera  of   Fishes 

Ibraugbout   long    geological    epochs    is   indeed   a   noteworthy   cir- 

omtanee,  and    is  nowhere   more    marked  than  in  the  case   of 

CmasAa,  which  has  lived  on  continuously  from  the  Triassic  period 

I^^Eutofic,  and  also  from  that  of  certain  North  American  beds, 

<  idifefc  tie  luually  referred  to  the   Permian. 

In  rq;aid  to  the  orijjin  of  the  various  orders  of  Fishes,  it  is  pretty 
I  oidcnt  that  the  Telcostci  were  derived  from  the  Ganoidei,  »nd  thai 
rthtUipooi  were  closely  related  to  one  branch  of  the  latter.     The 
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pfayk^enetic  relationship  of  ihe  Ganoids  to  the  Glnsmobinnchcans 
b,  however,  still  unsettled,  although  recent  rese-irches  tend  to  show 
a  dose  connection  Ijetwcen  the  more  piimitivi;  and  least  specialised 
glKKipK  of  the  two  orders.  Palseontolog)-  has  not,  indeed,  yet  taught 
IS  froinwhat  group  of  animals  these  primitive  Ganoids  and  Ehsmo- 
bnnchs  were  thcm«Ives  dcnvcd.  It  has,  however,  been  sugyested 
Professor  Cope  that  the  Placodcnnoid  Ganoids  were  closely  re- 
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kted  to  the  Ascidian  Invertebrates ;  and  if  this  suggestion 
prove  well  founded,  it  would  seem  to  indicate  that  the  grou 
tioned  is  closely  allied  to  the  real  ancestors  of  the  class.  P 
however,  these  ancestors  are  to  be  sought  in  another  directio 
it  has  been  thought  that  minute  tooth-like  bodies  found  i 
ranging  from  the  Upper  Cambrian  to  the  Carboniferous,  and 
as  Conodonts  (fig.  847),  are  really  the  teeth  of  Fishes.  It  n 
sidered  probable  at  one  time  that  these  curious  fossils,  whicl 
exceed  two  millimetres  in  length,  might  be  teeth  of  extinct  m 
of  the  Cyclostomi ;  but  their  internal  structure  is  so  differer 
the  teeth  of  the  existing  forms  of  that  order,  that  if  they  be 
Fishes  at  all,  they  must  apparently  indicate  an  extinct  divisi 
great  variety  of  forms  of  these  Conodonts  have  been  describ 
have  received  distinct  generic  and  specific  names.  It  is  the 
of  some  authorities  whose  judgment  is  entitled  to  great  coj 
tion  that  these  fossils  should  be  regarded  as  the  jaws  of  An 
or  Trilobites ;  but  the  question  as  to  their  real  nature  n 
regarded  as  still  undecided. 

'  Vide  supra,  vol.  i.  p.  480. 
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Orders  CrcLOsrour  and  ELASHOHRANcmsi. 


OtBu  1,  CvciosTOMi.  —  The  Cyclostomi,  which  include  the 
Hig^Uies  ^.Vj-.r/«^  and  Bdrliottoma)  and  Lampreys  {Petnmiyzott) 
'•ong  It  present  unknown  in  a  fossil  state,  require  no  funher  notice 
in  the  ^toeni  work. 

Omm  tl.  EtASMOBtuscHEi. — This  order,  which  is  also  known 

■nder  the  name  of  Chondropterj-gii,  includes  a  pccuh'ar  extinct 

potp  temied  the  Ichthyotomi,  together  with  the  modern  Sharks, 

PsK^bbcs.  Saw-lishea,  and  Ra>'3,  collectively  consiituling  the  Sc- 

hthii,  and  all  of  which  ate  typically  of  marine  habits.     For  paL-eon- 

Wogkal  purposes  this  order  inay  be  cKaracterlsed  as  follows :  The 

ildeton  is  invariably  cartilaginous,  and  membmne  bones  are,  with 

Hnt  possible  exceptions,  absent  in  the  skull ;  the  vertebral  column 

i^  horevCT,  generally  divided  into  distinct  segments,  of  which  the 

CBUn  n*ay  be  marked  by  a  calcification  differing  in  structure  from 

We  bone.     In   the  skull,  which  may  be  t-ilticr  movably  or  immov- 

Aly  conncrtcd  with  the  vertebral  column,  the  palatopterygnid  bar 

md  hyomandibular  tiuspensorium  are  never  fused  with  the  cranium. 

l^'bcn  an  exoskeleton  is  developed,  it  coiuists  of  small  dermal  gran- 

iies,  of  which  the  structure  is  the  same  a;;  that  of  teeth.     In  all 

oistiQg  forms  the  optic  nerves  simply  crOM  one  another,  wiihotit 

icy  interlacing  of  their  component   fibres  ;  the  bulbits  artcriosiis  of 

the  heart  has  three  series  of  valves ;  the  inw«ine  is  furrished  with 

a  spira]  valrc ;  and  the  ova  are  of  large  size  and  few  m  numlrcr. 

A  few  words  may  be  said  explanatory  of  some  of  the  alwve-nien- 
tioned  and  other  features  in  existing  forms  before  proceeding  to  the 
vpatmxAc  put.  In  alt  fovms,  as  already  meitiinned,  there  is  a 
Kpsme  ftapcnsorial  arrangement  articulating  with  the  cranium,  to 
which  ihe  tnandible  is  attached  ;  this  structure  being  termed  hymty- 
Ustuily  there  b  a  hyomandibuLar  sust>cn3onuui  inicrvcmng 
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between  the  cranium  and  the  palatopterygoid  bar ;  but  in  NotUam^^ 
(fig.  86i)  the  hyomandibular  element  takes  no  share  in  the  suppotf^ 
of  the  mandible,  and  the  palatopterygoid  articulates  directly  vih 

the  cranium ;  this  probably  being 
the  primitive  type.     The  ^lls  (fi( 
848)  are  attached  to  the  skin  ^ 
their  margins ;    while  they  usuiBf  <- 
communicate  with  the  exterior  l^. 
five  apertures,  or  clefts,  which  mq 
be  very  rarely  increased  to  six  or    ' 
seven.     The  mouth  is  very  gens-    . 
ally  situated  on  the  inferior  aspai 
of  the  body  (fig.  849),  and  is  for- 
nished  with  numerous  teeth  carried 
on    the    palatopterygoid    bar  and 
Meckel's  cartilage  (fig.  861).    The* 
teeth  may  be  either  sharp  and  sqin- 
ate,  or  articulated  together  so  u  10 
form  a  more  or  less  pavement-ltke 
structure  J  and  in  the  former  oat 
there  is  a  continuous  succession  of 
new  teeth  developed  from  bdiind 
as  the  old  ones  are  worn  out    Both 
Fig.848.— Dia^mmof  anetidcoTthcgiiii   median  and  paired  fins  are  present; 
^'ii;ll;r.S^dT^?ol,"^r.i.''^r.r."  the  position  of  the  peMc  pair  being 
;rdi1'*.Xt'hL.'^uVh^™A?r.lS™'ii  always  abdominal.     In  all  existing 
pu^iii*;  I,  Sepu  twiwcen  pouchei;  ir,  forms  the   skeleton   of  the  limbs 
""'  forms     an     ichthyopterygium     (fig. 

846) ;  but  in  the  Carboniferous  and  Permian  Ichthyotomi  there 
is  either  a  uniserial  or  biserial  archipterygium,  like  that  of  the 
Dipnoi.  The  posterior  termination  of  the  vertebral  column  is  gener- 
ally heterocercal,  with  the  upper  lobe  of  the  caudal  fin  greatly  eltxi- 
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Pig.  S^.—Spiny  Dog-fiih  lAcmUu'at).    KedDced. 

gated  (fig.  849).  The  spines  frequently  borne  by  the  doraal  fins 
and  in  the  nuchal  region,  constituting  the  so-called  ichthyodonilites, 
have  their  bases  simply  embedded  in  the  flesh,  and  are  consequendy 
immovable.     There  is  no  swim-bladder.     The  term  spiracUs  is  ap- 


ORDER   ELASMOBRANCHEI. 


'napotures  connected  with  re^piron'on  found  on  ihc  upper 
of  the  bead;  while  ibc  interea/ary  cartiia^s  arc  ovoid  or 
iped  struaures  occurring  between  die  neural  arches  of 

[Soiiifa-Woodward  ob>crve<i  tlut  a  gradual  adrance  in  the  de- 
Fcalcilication  of  the  axial  skeleton  may  be  observed  as  we  trace 
icnbcn  of  the  order  from  the  I'alicoroic  upwards,  the  oldest 
hot  having  the  notoohord  differentiated  into  distinct  vertebral 
iof  which  wc  lind  ihu  liisl  complete  types  in  the  Iawct  l.ia.'i^ic 
buuLT.  Here,  however,  the  centra  merety  assume  the  form 
pble  ooMSi,  only  very  slijjht  traces  of  the  pcriphcra]  calcifica- 
Iroesury  to  form  the  biconcave  centra  of  the  later  types  being 
I  In  the  Lower  Kinicndgian  lithognipluc  &tone  of  the  Con- 
[eentra  of  the  complete  tuUrospomiylit  type  are  fin>t  met  with. 
)  same  authority  mentions  that  the  Palxozic  types  arc,  as  a 
(faaiacterised  by  the  great  de%'elopmccit  of  the  cxosltelcton, 
Ui  a  few  forms  bkc  PUuraianlhui  appear  to  have  had  naked 
\  These  early  dermal  structures  are  also  noticeable  for  their 
lie  sculpture,  this  being  equally  developed  on  the  dermal 
K-^lbagreen),  and  on  the  fin  and  cephalic  spines.  Smooth 
P^ippear  to  be  very  rare  in  the  PaI;eoi:oic,  and  it  is  not  till 
{bh  the  Upper  Trias  and  Lias  that  spines  completely  covered 
{Booth  (pnoine  are  met  vrith. 

Begard  to  the  teeth,  Mr  Woodward  observes  that  "pointed 
■kd  obtuse  teeth  occur  among  the  earliest  Elasmobranchs ; 
I  fonDcr  as  well  as  the  btter  arc  firmly  anicuUtcd  together, 
fast  always  ha%-c  formed  part  of  a  dentition  in  which  several 
Were  functional.  Though  the  teeth  of  Cladodus  and  Difi/o- 
)huratamthus\  are  as  sharply  pointed  as  those  of  most  recent 
^  the  piercing  crown  is  placed  upon  a  broad  HoriAonially- 

Ebose,  permitting  of  a  ronsiderable  amount  of  interlock- 
cn  one  tooth  and  another — an  arrcingenient  most  nearly 
in  the  8U^^•ivi^g  CHtamydoseleukt.      It  !!>  evicltvit,  indeed, 

I  ihc  modern  types  of  dentition,  in  which  not  more  than  one 
RACries  of  teeth  are  siinulianeuusly  functional,  are  highly  specf- 

ioru  of  this  primitive  arrangement ;  and  the  change 
[from  the  deepening  and  bteral  compression  of  the  root  of 
ih,  rendering  its  base  of  support  less  fixed,  an<l  often  not 
ing  its  coming  into  use  until  after  attaining  the  summit  or 

II  the  outer  Mde  of  the  jaw-curUlage. 

pth  r^ard  to  the  dispasilion  of  the  iccth  in  the  mouth  as  a 
Itfae  modem  Rays — most  Stylliiia  and  Ch/amyJose/ack^ — may 
ked  upon  as  retaining  the  most  primitive  arrangement.  In 
fedaceous  Sharks  there  has  been  a  tendency  towards  the  rela- 
nlargemcnt  of  the  prehensile  teeth  upon  the  symphysis ;  while 
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in  the  Cestraciont  Sharks  the  symphysial  teeth  have  become 
though  prehensile,  and  the  lateral  teeth  well  adapted  for  trituiatioi»— 
The  former  arrangement  is  particularly  characteristic  of  moden^v 
times ;  the  latter,  it  is  interesting  to  note,  attained  its  maximum  o^~ 
specialisation  so  long  ago  as  the  Carboniferous  period.     In  mu^ 
early  Carboniferous  genera  the  series  of  lateral  crushing-teeth  began 
in  part  to  fuse  into  continuous  plates  {Pleuropiax) ;  two  of  tboe 
plates  often  amalgamated  {Padlodus) ;  and   in  the  most  special- 
ised of  these  Cochliodonts  {e.g.,  Deltoptychius),  all  traces  of  tbe 
boundaries  of  the  original  components  of  the  dental  plates  becune 
obliterated." 

Suborder  i.  Ichthyotomi. — This  name  was  proposed  by  Pro- 
fessor Cope  for  a  group  of  primitive  Elasmobranchs,  ranging  frran 
the  Devonian  to  the  Permian,  but  perhaps  also  surviving  to  die 
Trias,  and  showing  the  following  characteristic  features.  The  endo- 
skeleton  has  granular  calcifications  extending  equally  throughout 
the  cartilage ;  the  notochord  in  most,  or  all,  cases  is  not  constricted 
to  form  distinct  vertebras ;  and  the  calcification  of  its  sheath  in  the 
precaudal  region  does  not  extend  beyond  that  very  incomplete  stage 
to  which  the  term  rkachitomous  has  been  applied — the  explanatiffl) 
of  which  is  given  below  under  the  head  of  the  Labyrinthodont  Am- 
phibians. The  neural  and  hsemal  spines  of  the  vertebrae  are  long 
and  slender,  and  no  intercalary  cartilages  are  developed.  Finally, 
the  pectoral  fins  have  a  long  segmented  axis  of  the  archipter^^ial 
t)-pe  (fig.  850). 

It  may  be  mentioned  here  that  Dr  Koken  is  indisposed  to  admit  the 
right  of  the  Ichthyotomi  to  form  a  group  of  equal  rank,  with  that  un- 
bracing all  other  Elasmobranchs  ;  since  he  regards  the  primitive  fca- 
lures  exhibited  by  the  vertebral  column,  and  the  nature  of  the  caudal  fin, 
as  only  one  degree  removed  from  those  found  in  certain  SelachiL  This 
writer,  indeed,  regards  the  Pleuracanthida  and  Cladodontida  as  so 
closely  allied  to  the  Notidattida  and  Cestraetontida  {Hybodontida)  that 
he  would  class  the  whole  of  these  families  in  a  single  group,  for  which 
he  proposes  the  name  Proselaehii,  and  in  which  the  Cockiiadtmtida 
should  perhaps  also  be  included.  So  far  as  regards  the  slight  import- 
ance from  a  class ificatory  point  of  view  of  the  imperfect  calcification  of 
the  vertebral  column,  Dr  Koken's  views  are  in  harmony  with  those 
adopted  below  in  the  classification  of  the  Labyrinthodont  Amphibia. 

Family  pLEURACANXHiOiB. — In  this  family  the  body  is  slender 
and  somewhat  depressed ;  the  mouth  differs  from  that  of  all  the 
Selachii  in  being  terminal ;  while  the  caudal  fin  is  diphycercal. 
There  is  a  long  and  low  continuous  dorsal  fin ;  while  the  pectoral 
lin  has  a  biserial  arrangement  of  rays  somewhat  after  the  fashion  of 
Ceratodus.  The  type  genus  Pkuracanthus  has  received  an  almost 
bewildering  number  of  names,  of  which  it  will  suffice  -to  mention 
Diplodus,    Ortkacanihus,   Xenacanthus,   and  Didymodus ;   some  of 
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:  -'■«,  B  tieir  ttrtninations  indicate,  having  been  applied  to  ^ncs, 
nuj  olfKn  to  Weth. 

Scceal  dt»ovenc3  hare  enxbtcd  us  to  .illain  to  a  nearly  complete 
koowtedjc  of  the  anatomY  a(  thi»  icnuirlublc  ^'cnus,  and  a  restoration  by 
M.  Brm^nian  of  one  of  the  spctica  w  ihown  in  the  iicfomjianying  wood- 
I  at.  Tkt  ikxa  was  quite  naked ;  lite  body  elongate,  and  the  snout 
lobiBK;  Tbc  tccih  oavc  a  thick  and  dcprc&scd  root,  with  a  crovt-n 
Iwncd  hy  two  URec|u<il  comers  diverging  like  a  V,  with  a  small  denticle 
aifacbaicDf  [be  two,  and  not  unfrcqiicntly  a  minute  flaiicncdmnmniilla 
tfmtamiy.  In  the  male  the  pelvic  fins  carry  a  robust  "cliispcr."  At  the 
npflfllKbcad  tbeiewait  a  Utkc  Ijarbed  spine  (fig.  Sjz,  i).  with  a  doutiic 
n««f)ernuioa5,aad,«cconlini;to  ibc  restoration  (fih-.  Sjo),  aupportini;  a 
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t^t^—Ittauntioa  al  ih«  iltlMen  «f  Pfnr^aiMiu  C^tJiyi:  ham  ib«  CkrtaaitMOW 

tf  Pr»a«e.  wtluocJ.    <At«r  Prvogiikji.  ] 

Uc  fin.  In  the  ik\M,  according  to  I>  Knben,  there  was  i  tlistmct 
dtbular,  but  the  pnUtouien-gmd  \nt  had  a  direct  connection 
iriw  poctorbital  pmcesfc  of  ine  cranium,  as  in  Notidatius.  Di  Kokcn 
!  iHjffady  modily  the  structure  of  the  pecioml  (in  from  that  given  in 
^.<5a  Tbedoml  fin  is  of  great  length,  extending  backwards  iis  far  as 
IM  uphyeercal  caudal,  fiom  which  it  is  scpantcd  l)y  a  deep  milth. 
Anaraio];  to  M.  Brongnian's  restoration  the  anal  lin  was  double, 
and  iis  two  divitions  had  a  strwiure  curiously  like  thai  of  limha  ; 
Dr  Koken  eonxiders,  howc^'er,  that  rhe  restoration  is  incorreei  in  this 
puocnlAT.  Specimens  of  the  figured  species  attain  a  length  of  mor«  Ihan 
tpfd. 

In  ttne  this  genus  extettds  from  the  Carbon iferous  to  the  I^jwer 
Pereiian;  while  in  space  its  range  embraces  botK  Europe  and 
North  AmericsL  Chondrtmhtip,  from  the  Ijjwci  Carlnoniferoiis  of 
DunlneMilure,  which  is  provisionally  lefcrrcd  to  the  same  family,  has 
no  ccpbalic  spine.  Deiadied  teeth  from  the  Kcupcr  of  Sonicisel, 
described  under  the  name  of  Dipledus,  apparently  indicnte  the  RUr- 
of  a  foTTO  ajlied  to  Plturacantkus  in  the  Triassic  period. 
F\uii.v  Ci-vDOi>ONTiDJ». — ^Thc  second  family  of  this  suborder  is 
■  impetfectl)^  known  to  admit  of  definition  ;  but  it  appears  that  in 
:  type  genus  the  pectoral  fin  had  only  one  series  of  rays,  and  was 
imermediaie  between  that  of  Pleuracanthus  and  the  fins  of 
;  ScbchJL     The  type  genus  Cladodm  had  a  broad  and  depressed 
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head,  with  the  teeth  arranged  in  numerous  rows.      The  cnw^f 
of  these  teeth  present  some  resemblance  to  those  of  the  Seladi*^*' 
Hybodus  (fig.  865) ;  consisting  of  one  large  cone,  flanked  on  tlAi^^ 
side  by  one  or  more  smaller  cones,  of  which  the  outennoit  il^ 
generally  the  largest     This  genus  is  exclusively  Carboniferous,  nf 
occurs   both   in   Europe  and   North  America ;  a  large  number  flT 
species  being  known.      Dicentrodus,  of  the  Scottish  Carbonificni^ 
is  distinguished  by  the  teeth  having  only  a  single  lateral  cone 
developed  on  one  side.     Phtxbodus,  of  the  Devonian  of  Iowa,  B 
an  allied  genus,  with  the  lateral  cones  of  the  teeth  at  least  as  bqe 
as  the  middle  cone ;  while  in  Lambdodus,  of  the  North  Amoioi 
Palaeozoic,  these  lateral  cones  are  totally  wanting.     In  Dknttohi, 
of  the  Carboniferous  of  both  Europe  and  North  America,  we  hne 
a  modification  of  the  Cladodont  tooth,  in  which  the  central  cone  b     * 
compressed,  with  the  cutting-edges  serrated ;  while  the  lateral  cooei 
may  either  be   two    in   number,   or  absent.       Finally,   the  Noift 
American  PalEeozoic  genus  Hypocladodus  differs  from  the  preceding 
by  the  absence  of  serrations  on  the  edges  of  the  central  cone ;  fl* 
lateral  cones  being  invariably  absent. 

Suborder  2.  Selachii. — The  existing  Sharks,  Rays,  and  tbot 
allies  are  characterised  by  the  endoskeleton  being,  as  a  genenl 
rule,  only  superficially  calcified  ;  while,  except  in  some  of  the  eaiiid 
forms,  the  notochord  is  constricted  at  the  centre  of  each  vert^Ht 
The  neural  and  hsemal  arches  of  the  vertebrae  are  short  and  stout ; 
and  intercalary  cartilages  are  nearly  always  developed.    The  pectonl 
fin  (fig.  846)  has  not  a  segmented  axis,  being  of  the  ichthyopterygial 
type  ;  and  the  axis  of  the  pelvic  fin  of  the  male  is  produced  into  the 
so-called  "clasper,"  which  is  connected  with  reproduction.     Some 
of  the  other  features  of  this  suborder  have  been  already  mentioned 
at  the  commencement  of  this  chapter.     The  Selachians  may  be 
divided  into  two  sections,  according  to  the  structure  of  the  vertebral 
centra.     In  the  one  the  anal  fin  disappears,  and  there  is  a  tendency 
to  the  depression  of  the  body  and  the  enlargement  of  the  pectoral 
fins,  but  there  is  no  diminution  in  the  size  of  the  spiracle,  and  the 
vertebne,  when  fully  developed,  are  of  the  type  known  as  Uetospon- 
dylic.     In  the  other  section  the  anal  fin  persists ;  the  shape  of  the 
body  is  always  rounded — not  even   excessively  flattened  in  the 
Sciiiiida;  the  spiracle  tends  to  abort,  and  may  be  almost  or  totally 
absent  in  the  most  specialised  forms ;  while  the  fully  developed 
vertebrae  are  of  the  type  known  as  asterospondylie.     The  type  of 
vertebral  centra  known  as  (ydospondytic  occurs  in  the  immature 
condition  of  both  sections. 

Section  a.  Tectospondvli. — In  this  section  the  vertebral  centra, 
when  fully  calcified,  have  the  concentric  laminae  predominating  over 
those  that  radiate  from  the  centre.     The  anal  fin  is  invariably  want- 
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>n  shows  itseir  in  the  depression  of  the  body 
f  tbe  pectoral  fins — the  spiracles  being  always 
I  This  Ecction  includes  the  Spiny  L)og-li»he»,  Saw-Rsheit, 
iji,  uid  Rnys. 

tv  £i>ixAcio.«. — In  this  family,  which  includes  the  exist- 
ij  Dc|g-fishea  (Ag.  849),  we  have  generalined  forms,  with  the 
«  oc  less  rounded,  and  but  slightly  depressed.  The  leeih 
ted ;  the  pectoral  6ns  are  devoid  of  .1  notch  ai  their  root, 

not  ejtpanded  anteriorly;  while  the  gjlls  are  small  nnd 
ind  the  spiracles  large.  One  fossil  species  referred  to  the 
Meditenanean  genus  C^n/riiia  has  been  recorded  from  the 

of  Italy  ;  but  this  determination  is  not  absolutely  certain. 
u  (6g.  849X  of  whieh  two  species  are  found  at  the  prL-scnt 
Ktrmpenkte  seas  of  both  hemispheres,  occurs  in  the  Chalk 
ebonon,  and  also  in  ihe  Miocene  of  Wurtenit>erg.  Another 
n  from  the  Lebanon  has  been  referred  to  tbe  existing  genua 
hwj,  but  it  may  pethaps  belong  to  AeanfAiiis.  The  exist- 
IS  Spinas  hii&  been  recorded  from  the  Italian  Pliocene. 
■mnus  we  come  to  .mother  exisling  genus,  differing  from  all 
it  precede  by  the  absence  of  fin-spines.  It  occurs  fossil  in 
lene  of  Italy,  which  has  also  yielded  remains  referred  to  the 

Y  pETAtxiDO!fT!n*_ — The  Pclalodonts  form  a  family  ex- 
Carboniferous,  presenting  the  following  characters.     The 

(  somcwhai  depressed,  while  the  pectoral  fins  were  large, 

luced  forwards  in  the  direction  of  the  head  after  the  manner 

Rayi.      The  leetli  (figs. 

>)  fanned  a  close  pave- 

the  mouth,  and  are  com- 

(rom  before  backwards, 
crown  raorc  or  less  bent 

fe,  and  cither  blunt  and 

ir  with  a  rutung<dgc,  the 

ng  often  large.     In  the 

^afossa   {Ciimaxodus    or 

u),  vfaich  is  common  to 

ni>d  North  America,  the 

t-  851)  are  so  thictcned 

tct^  that  the  complete 

rms  an  almost  entirety  [ritiirniing  Burtice.     These  teeth  are 

in  three  chief  rows,  as  in  the  figure,  which  gradually 

in  size  anteriorly,  and  are  flanked  by  one  or  more  smaller 

less  thickened  teeth.     The  body  is  covered  with  fine  sha- 

Thc  Nonh  Ameri«m  fnsodus  has  the  margin  of  the  crowns 

ttbdcft  into  two  01  three  jwints ;  while  in  PetaJorhywHus, 


yit-  tsi  ,—Potlttiur  Mp4CI  oltome  rf  the 
ttx  Kngliih  Cai' 


(cniraJ  Wiih  of  Thihum  limtf^/rrmh;  (rain 
aibonLfiraui. 
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which  is  found  both  in  Europe  and  North  America,  the  teeth  3f^^ 
the  same  general  type,  but  have  more  compressed  crowns,  withf 
undivided  roals.    Again,  in  fetaicdns,  which  has  the  sanw  distribuD 
AS  the  prcccdint;,  the  teeth  (fig.  852,  4)  arc  much  elongated 
verscly,  and  compressed  from  before  backwards — the  crovm  b«n 
petal-shaped,  with  a  smooth  or  slightly  crcnulated  cuuing^ge.  V)ff 
nature  of  the  artangement  of  the  emire  scries  is,  however,  unknomL 
The  teeth  of  Oettspty<hiHi  (fig.  851,  6)  arc  distinguished  by  the 
coarser  denticulation  of  their  tmting-cdgc — those  of  OtUofrisitia 


Tif.  Is«— Si-iiin  And  mill  of  CtrtAnifcruiu  fc-lwHnolifsncJiei.  i,  Nuehul  ■pi"*  *•  Pitm'»rtt- 
iMmiirrUumiu;  i,  Flniiiine  or6>rsirii>fit«);  ).  Ilex  uf  JjMraici  tmtkiul  4,  Tomh  of/VMAifia 
««Miiuru.  itva  item  lh<  Ude ;  j,  Di>.  of  PuaimidM,  mob  fran  aluH  ;  6,  Do.  oT  Cttm/ftf 
[Mm.     1-j  ore  rediKstl. 

differing  from  the  latter  by  (he  absence  of  etumel^blds  at  the  tnse 
of  the  crown,  and  also  by  ihe  nature  of  the  root  I(  is  probable 
that  both  these  genera  occur  in  North  .America  as  well  as  in  Europe. 
In  Polyrhizcdus  {Datiyiodits),  of  both  Europe  and  North  America, 
the  teeth  are  extremely  stout,  with  low  crowns,  usually  having  a 
sharp  cuLting-cdj;c  devoid  of  crcnulations,  and  a  large  root  diridcd 
into  a  number  of  rootlets.  Other  allied  genera  from  Europe  are 
known  05  Gh$sodus  and  Maohpfiodm. 

Family  rRisTODONTto.«. — This  family  is  only  known  by  the 
genus  Pristodui,  of  the  European  Carboniferous,  in  which  the  crown 
of  each  tooth  is  thin,  plate-like,  and  symmetrical,  with  hollows  corre- 
sponding to  elevations  in  the  opposing  tooth  of  the  opposite  jaw.  It 
has  hccn  .■suggested  that  cich  jaw  carried  only  a  single  tooth. 

Kamilv  Squatikid*. — With  this  family  we  come  to  a  group  rep- 
resented at  tlic  present  day  by  the  Monklish,  of  whicli  the  skele- 
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if  \he fiKtoiai  fin  is  shown  in  fig.  846  (p.  930).     The  body  is 

Ktd,  mih  the  mouth   pL-iced  anti-riorly ;   while   iJif  iwcloiral 

M  scdt  pnxluccd  aatcriorly,   although   unconnected  with 

Bad.     Tbe  teeth   are  conical 

Vattd ;  and  the  dorsal  fins  are 

rqiine;aod  pbcedon  tbe  tail 

lly  koovn  genus  is  Sfttatina 

\   which    ranges    from    the 

1^  Upwards  to  the  present 

hfaough  lotne  of  the  fossil 

hjre  been  described  under 

umes,    siKh    as    TAaumas. 

lUy  pttscrvcd  skeletons  occur 

Lower    ICimendgian    litho- 

bmestones  of  Bavaria,  one 
I  a  shown  in  the  accompany- 
idcnu  Other  species  hive 
lined  from  the  Chalk  of  the 
\  and  of  England,  and  also 
c  Mioctne  and  Pliocene  of 
tinent ;  while  detached  teeth 
id  in  tbe  English  Gault,  the 

Clay,  and  the  Red  Crag. 
uv  PttisntML — In  the  true 
ts  the  bod)-  is  scarcely  de- 
tbc  pectoral  fin&  ate  not 
[panded,  and  the  gill-slits  are 
nferiorly.  The  most  charac- 
feature  1$,  however,  the  so- 
'saw,"  which  is  a  long  and 
cified  prolongation  of  the 
iTiDca  wnn  a  sCTies  01  large  ofi-,„„'„,_^..,„,^.  f,„m  ih=  Hiimnij. 

teeth  on  either  border.     Re-  «'*"  "'  b«™u,  i«uii»;rj.  nmimi  >«*. 

,      ,  .       ,  n.  Muidibia:  0,  Pcclntal  ijinll* ;  t,  Pvc- 

H     the    single    existing    genus    lomlUn:.^,  I>e1vi>,;<,  PdvUfin. 

KCttr  in  the  Middle  Eocene 

m  and  Braclclesham ;  in  the  Middle  and  Lower  Eocene  and 
C  of  the  Continent ;  and  the  Eocene  and  Upper  Cretaceous 
h  America.  PropriHh,  from  the  Kocene  of  Kgypt,  is  said 
by  the  absence  of  calcificacioiv  in  that  part  of  the  "saw" 
tupporU  the  teeth  ;  Am^ypn'ilis^  of  the  same  bcJs,  has 
and  broader  teeth  than  Pritth :  while  Sc/ervrAymrAus,  which 
long  to  the  Pristiopharida,  differs  in  the  structure  of  the 
and  the  small  site  of  the  rostral  teeth.  The  latter  family, 
tas  bteral  gill  slits,  may  be  represented  in  the  Miocene  of 
by  a  species  of  tlie  existing  Prishcphorut. 
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ULT  RHn(OBATiD.f: — Wiih  this  ramily  we  come  to  Fishes  lo 
Ac  gtnml  term  Raj"«  may  be  applied;  all  of  them  are 
lerised  !>>■  their  extremely  ilcpressed  bodies  and  ihc  great  de- 
lent  of  the  pectoral  firvs,  so  ihat  the  body  \>iopvT  wiih  its  fins 
ed  ihc  "disk."  The  teeth  always  form  a.  Virtl  of  pavement 
i^'  SS?)-  In  the  prvsenl  family  the  tail  is  long  and  stout, 
D  wrll-dcvdoped  dorsal  fin& ;  while  there  is  also  a  caudal  fin, 
br^iudinal  fold  on  either  side.  The  disk  in  not  excessively 
led;  the  rayed  portion  of  ihc  pectoral  fins  noL  extending  to 
BL  The  ij-pe-genua  /ihiiitfbatis  {SpatAodafis)  is  represenied 
pnsent  day  by  about  a  do£en  specict,  whreh  inhabit  the 
seas,  and  attain  huge  dimensions.  The  snout  is  produced 
pog  rustrum,  wbkh  is  conncctoJ  with  the  pectoial  fin  by  a 
Bums  expansion  (fig.  854).  The  teeth  arc  obtuse  ;  and  the 
Ens  arc  devoid  of  spines.  In  time  this  genus  ranges  from 
peridgian  to  the  present  day ;  species  being  recorded  from 
pgiaphic  limestones  of  Bavaria  (Ag.  S54)  and  France  ;  from 
rtlamtian  of  France  ;  the  Chalk  of  the  Ixlianon  and  Italy  ; 
Idle  Eocene  of  Monte  Bolca  ;  the  Miocene  of  U'urteml>erg ; 
rr  localities.  The  Austral* 
fMfirhtma,  which  differs  in 
tcture  of  the  nasal  valves, 
10  occur  in  the  Middle 
<of  Italy.  Finally,  the  gen- 
vmnodatii  ant!  Anerodrrmus^ 
Wcly  from  the  Kimendgian 
ice  and  Bavaria,  appear  to 
I  the  present  with  the  foi- 
fomilj. 

|LY  Raiip^ — In  the  true 
>T  Skates  (fig.  85s)  the 
i  broad  and  rhomboidal, 
■ally  has  dennal  rugosities ; 
be  rayed  ponions  of  the 
I  &RS  extend  to  the  com- 
tly  short  »iout.  The  tail 
ibortcr  than  in  the  RAino- 
,  with  a  longitudinal  fold  ; 
» development  of  the  median 
ihjcct  to  considerable  varia- 

Thc  type  genus  Xaia  (Ae/iaa^/is)  has  ihc  tail  veri,-  distinct 
Je  body  (fig.  855);  the  pectoral  fins  not  reaching  to  the 
ity  of  the  srtoot ;  two  dorsals,  and  either  a  rudimental  or  no 
fin.  The  dentition  (figx.  856,  857)  often  varies  gre-aily  in  the 
some  Of  all  of  the  teeth  in  the  male  being  sharp,  while 


7«  iV 


\ 


; 


I 


fig.  Ssi,— Til*  Hmiiiii  Skate  iJlaia  maf 
('w4hi)i  nor  ^  «i-rlfa  luiunl  Usv^  Rvcvntn 
IfllUii.    (AJiti  GmK.) 
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all  those  of  the  female  are  obtuse.  Some  of  these  Skates  me 
upwards  of  seven  feet  across  the  disk.  In  a  fossil  state  this 
occurs  in  the  Chalk  of  the  Lebanon,  and  the  Upper  Eocene 
Hampshire;  and  also  in  the  Suffolk  Crags  and  Italian  Flio. 
where  it  is  represented  by  the  living  R.  clavaia  (figs.  856,  8SfJ^ 
The  extinct  Dynatobatis,  from  the  Tertiary  of  South  America,  is  dil^ 
tinguished  by  the  enormously  expanded  bases  and  the  small : 


Fig.  856.— Froal  vi«»af  lhejawsorihcnulcThorab>ck  Skue  <AaM  cmbwXbX    lUdaoi 

of  the  dermal  tubercles  with  which  the  body  is  studded.  AcomSi*- 
baiis,  from  the  Middle  Miocene  of  France  and  Wiirtemberg,  has  t>B 
dermal  tubercles,  with  small  bases,  which  often  fuse  together  into 


t'ig.  857. — Front  view  of  the  jawi  ol  the  female  Tbombadt  Skaie  (A'o"  ctmalm^.     Radnotd 


groups ;  while  Onco&atis  of  the  Pliocene  of  Idaho,  which  has  these 
tubercles  of  a  pentagonal  form,  may  be  identical  with  the  type 
genus. 

Family  Torpedinid*. — The  Electric  Rays  have  the  disk  broad 
and  smooth ;  the  rayed  portion  of  the  pectoral  fins  not  continued 
beyond  the  base  of  the  snout,  and  the  median  fins  well  devel(q)ed. 
The  peculiar  electric  organ  is  placed  between  the  head  and  the 
pectoral  fins.'  Extinct  species  of  the  existing  genus  Torpedo  occur 
in  the  Middle  Eocene  of  Monte  Bolca,  near  Verona. 

Family  Psammodontid^. — This  extinct  family  is  known  only  by 
portions  of  the  dentition,  so  that  its  definition  is  at  present  impos- 
iiible.  It  appears,  however,  from  the  parallelism  of  the  mandibular 
rami  that  the  body  must  have  been  depressed  like  that  of  the  Rays. 
The  teeth  (fig.  852,  5)  are  of  a  flattened  quadrangular  form,  with 
the  root  nearly  as  large  as  the  crown,  and  were  arranged  in  one  or 
more  longitudinal  rows,  which  were  arched  antero-posteriorly  with 


ORDEK  ELASMODRANCMBI. 


935 


of  the  lectli  of  adjacent  rows.  The  genus  Co^fdus 
inancs]  teeth,  with  the  jKutero-bteral  angle-!!  of  chc  rout, 
Mimttako  of  the  crown,  (icoduoed  tNtclcvrards ;  the  tcvth 
■oowot  in  Troni,  with  the  aiiteriur  irdTgrn  usually  eiiher 
croonvex.  The  crown  surface  when  unwom  U  tu^o^c,  aiid 
bj-  a  more  oi  less  iratisverse  line,  which  sometimes  jierniits 
Ipoftions  to  be  separated.  This  genus  occurs  in  the  Car- 
ta (if  Europe.  In  the  typical  Psammodus  ihe  [eeth  (fig. 
ire  quadiangular,  generally  more  or  less  oijlong,  but  occa- 
leariy  square,  with  ihc  root  much  thicker  than  the  crown. 
eb  it  is  cisity  separate ;  the  surface  of  the  crown  b«int; 
marked  by  tnuisvene  wrinkles.  It  is  probable  that  ihc 
e  arranj^  in  the  jaw-s  in  four  ion^tudinal  rows.  Psam- 
represented  liy  a  considerable  number  of  spedcs  from  the 
Irous  of  both  Europe  and  North  Americx  Lastly,  Ardus- 
Va  the  CarlxmiferouK  of  Indiana,  15  an  allied  fnrm,  with 
I  pawment-Iike  teeth  arranged  in  several  rows,  of  which 
I  ntrbces  arc  somewhat  excavated  lo  fit  tbc  curvature  of 


r  MvLioBArii>,E- — Willi  the  Eagic-rays  wc  come  to  an  exist- 
r  well  represented  in  a  fo^il  state  as  far  donii  a-s  the  I^wer 
vcitcbne  frotn  Crctaccoux  auid  Jurassic  beds  having  been 
*red  to  thi&  family.     The  di»k  is  very  large,  owing  10  the 
dopmcnt  of  the  pectoral  fuis,  which  stop  short  at  the  •i\^<ii 
sad,  but  reappear  at  the  extiemity  of 
t  in  the  form  of  a  small  single  or 
tpholic    (in.      The   tail  is  extremely 
u>d  KKmbles  a  whip-lash ;  and  the 
,    wbcQ    present,    forms    a    complete 
t      The  tNTW   genus   Myliobatis   has 
I  liCc  from    the   di»k,  and   a    single 
fin.     The  lecth  are  L-u^e,  flat,  and 
I,  and  arc  arranged  in  seven  loiigiiu- 
^;  tbc  middle  row  in  the  adult  being 
)  broad,  while  the  lateral  tows  are 
Hpcd  (fig.  85S).     In  the  young  the 
DW  of  teeth  i^  not  larger  than   the 
es,  and  there  is  a  gradual  increase  in 
re  breadth  of  this  row  as  the  lish  in- 
)  age.     The  upper  dental  plate  is  cx- 
onTcx  from  before  backwards,  but  the 
t  is  quite  flat     In  addition  to  the 
wrrtebrx  mentioned  atK^e,  thi.s  genus  is  known  continu- 
D  the  Lower  Eocene  upwards,  and  has  a  wide  distribution  in 
in  the  Eocene,  it  is  recorded  from  Europe,  India,  and 


Li>w<f  <J<'jii*I  jiU*'  '">i  -Wr- 

MiiMk  X'-'-.^vt  of  T^racl(I#- 
OujiL.  >u>MCii,      Kii!utcr!t' 
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North  America  ;  and  it  has  also  been  dcscrihcH  from  ihc  Teni. 
lew  Zeaknd  A  very  largu  numbvr  of  specific  names  have 
ilied  to  [he  fos»i)  forms,  but  Mr  S.  Woodwatd  has  shown  that 
number  of  valid  ijiecies  may  he  greatly  reduced,  since  many  of 
characters  on  which  tlioy  w«te  founded  are  solely  due  to  difl'crenoe*  i(^ 
the  ago  of  thr  spt^cinien*.  In  RhittupttTH  {Xy^^hatrs),  while  the  \ja& 
is  still  free,  there  arc  two  cephalic  fins,  ai]d  the  teeth  arc  arranged  ffl 
fiv«  or  more  rows,  of  which  the  middle  series  and  the  adjacent  j/k 
arc  broad,  while  the  one  or  two  pairs  on  the  borders  fonn  regilH 
hexagons.  This  genus  is  know-n  from  tlif  London  Claj-,  the  Eoccm 
of  South  Carolina,  the  Swiss  Miocene,  and  the  English  Crag,  audit 
now  rvprescnied  by  seven  species  from  tropical  and  suh-iropical  «u. 
The  existing  genus  Aitobalis  \a  distinguiirhed  from  the  preceding 
by  the  teeth  being  arranged  in  only  a  single  longitudinal  row,  whidi 
is  often  bent,  and  corresponds  to  the  median  row  of  MyJiobaHi. 
One  species  is  found  from  the  London  Clay  to  the  higher  Eocene 
of  Barton,  and  the  genu*  is  also  represented  in  the  Swiss  Ktiocene. 
The  existing  genus  Ctraloptcra  has  no  upper  teeth. 

In  this  family  may  In-  provisionally  included  the  Cretaceous  genu 
PtyiAodui,  which  was  long  considered  to  he  a  Cestraciont  Shirt, 
but  lias  been  shown  by  Mr  Smith-Wood- 
ward to  be  a  Ray  allied  to  Afyiiohatit. 
']"he  connection  between  Piychodus  and 
the  existing  A/yh'oim/idic  is  shown  by  the 
geniis  Apocopedim,  from  the  Upper  Cre- 
taceous of  Braxi^  which  has  teeth  of  an 
intermediate  type ;  whili.'  some  of  die 
Eocene  species  of  Myliobatu  have  teeth 
of  nearly  the  same  form  as  those  of 
Ptyihodus.  The  teeth  of  this  genua  (%. 
859)  have  quadrangular  crowns,  with  the 
enamel  of  the  central  region  tfannm 
into  a  number  of  transverse  folds,  while 
the  root  is  smaUer  and  lower  than  the 
crown.  The  two  sides  of  each  jaw  are 
parallel  to  one  another,  and  the  Icclh  *« 
arranged  in  several  parallel  rows  running 
from  hack  to  front,  as  is  shown  in  the 
accom|Mnying  diagram  (fig.  8(io).  It  will  be 
lieen,  moreover,  that  each  jaw  has  a  sirtgle 
median  aeriea,  composed  of  very  small  teeth  in  the  upper,  and 
of  very  large  ones  in  the  lower  jaw ;  while  on  either  side  of  this 
median  row  there  is  a  series  of  iccth  somewhat  )e»  large  than 
the  median  row  of  the  lower  jaw.  The  five  external  rows  gradually 
decrease  in  size  towards  the  outer  !»ide  of  tlie  jaws.      A  com 


svM''^ 


ntwi  of  in*  cra*n  ot  a  tooih  of 

Upper   lincnMUiil    of    Kevcin- 
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4^  ihf<  (wvh  in  the  u|njer  (4}  mi  J  ivv«r  (11) 
am  at  fIjtJuiliu  ittMrinu.    (Aflcr  S. 


rob  %  Ij*  will  show  that  the  general  plan  of  this  arrangement 
rflierctth  is  essenlialljr  the  same  a&  in  Atyiiob^is.  This  genu* 
All  J  wMle  dKtribuiion,  being 
kmA  \a  the  Upper  Cretaceous 
(ri"  Enropcv  India,  and  North 
Amenca 
Famiit  Tkygosid^. — In  this 
jFv  t)i«  pectoral  Ans  continue 
I  the  «trrmitjr  of  the  mtuzie,  with 
rlich  ihejr  ate  confluent.  'J'hc 
i>  slender,  and  sharply  di«tn> 
from  the  disk ;  while  the 
cicil  lint  are  imperfeci  or  at>- 
~MR,  and  may  be  replaced  by 
Ktrated  sptncs.  Tliere  U  some 
noemmtf  j>s  to  the  occunence  of 

Tfygam  in  a  fossil  suttc,  l>ut  it  is  probable  that  either  this  genus  or 
tfce  iIU«d  Tamura  date  frum  the  Middle  Eocene  of  Monte  Boica, 
•fld  tniuint  rcrcrreil  to  the  fornKt  have  been  dcacribLt]  from  the 
L'pper  Cretaceous  of  Newr  Zealand.  The  extinct  Xtphatrygmt,  from 
the  Eocene  of  Wyoming,  is  distinguished  by  iu  cuspidate  teeth. 
Renuins  referable  to  the  existing  tropical  genus  Urolopkus  occur  in 
the  Uiiidle  Eocene  of  luly,  and  perhaps  in  that  of  Helgiuni ;  while 
CydcSatis  is  an  extinct  genus  from  the  Cretaceous  of  the  Lebanon. 

Section  B.  Aaterospondvu. — This  section  is  di-tlinguished  from 
the  but  bf  having  the  ndiaiir>g  lamins  predominating  over  ihe  con> 
centric  ones  in  the  fully  calcified  vertebral  centra,  io  that  a  seaion 
Aaw%  a  star-like  arrangement.  The  anal  fin  is  always  present : 
■bile  specialisanon  docs  not  tend  to  a  flattening  of  the  body,  or  to 
El  eipansioa  and  forward  growth  of  the  pectoral  fins,  and  the  spir- 
adca  are  small,  and  may  disappear.  This  section  comprises  the 
XxvK  Sturks  arkd  the  Dog-fishes. 

An  these  (uhes  have  clon^lcd  and  subcylindrical  bodies,  and  a 
Hraoe  tail,  well  adapted  f»r  sirimminx-  The  untcriur,  and  vco'  fre- 
qaenny  all  the  lecth  are  formed  oit  die  type  of  a  laterally  comprc^&cd 
coae  with  trenchant  cdccs,  at  the  base  of  which  iwo  or  more  minor 
cooea  nuy  be  dcvclopca.  In  many  cases,  however,  ihc  hinder  (ccth 
have  obtuse  cronns  adapted  for  crushing.  The  two  nimi  itf  the  jiiwn 
arc  never  pamtlcl  to  one  antrther,  in  ctmsequence  of  which  the  iccih 
e  a]va>^  set  in  nbliuue  ri>WA  (fiK-  864^,  and  never  fonn  the  straight 
lCTO-p04teriof  rows. like  ihoM  occurrini;  m  the  Kftys(%,  860V  iiharlis 
)i«nroD»,and  of  active  pelagic  habits  ;  and  arc  mnst  niimcn)us 
"  *ea»,  alihoujjli  ihcy  ascend  tidal  rivers,  and  arc  even  found  in 
id  lake  in  the  Fiji  Islands. 


938 


CLASS  PISCES. 


there  is  but  one  dorsal  fin,  and  the  number  of  the  gill-ctefts  eiceedi 
five. 

Family  Notidanid^ — The  single  family  of  this  series  is  repn- 
sented  by  the  genera  Notidanus  and  C/Uamydoseiache,  both  of  whidi 
inhabit  the  wanner  seas.  The  dorsal  fin  has  no  spine,  and  the  VexA, 
of  which  several  series  are  in  use  at  the  same  time,  have  shaipif 
pointed    cusps.      Notidanus   {Hepianchus,   Hexanckus)   is  readi^ 


^f      Orb 


Pf^l^ 


Fig.  S6i. — Left  laural  view  of  the  ikull  at  Ntiidama.  Recent.  Reduced.  R,  RoMiaa: 
AF,  PF,  Pre-  and  poiiarbiial  proceuei ;  Orb,  Oibii;  NK,  Nunl  Canute;  +.  AnioUatiM  d 
palatopterygoid  i.Pg\\  t,  AnicuUlioo  of  Meckel's  c»itil^  {Md)\  Z,  Teeth;  If' .T,  Vcnebnl 
column.    (After  Wiedersheim.) 

characterised  by  the  inferior  position  of  the  mouth  and  the  pecuKar 
form  of  the  lateral  teeth.  These  lateral  teeth  (figs.  86i,  863)  ue 
comb-like,  consisting  of  a  series  of  compressed  cones,  inclined  in 
one  direction,  and  fixed  upon  an  elongated  base ;  the  anterior  cone 
l>eing  the  largest,  and  frequently  having  cusps  at  the  base  of  its 

anterior  border.  The  lower  teeth 
are  more  complex  than  the  upper, 
and  the  anterior  teeth  in  both  ja«s 
are  simple  and  awl -shaped.  The 
primitive  position  of  this  genus  is 
shown  by  the  persistent  notochord 
and  the  characters  of  the  skull 
(fig.  861).  The  latter  approaches 
the  so-called  amphistylic  type,  differ- 
ing from  that  of  all  other  existing 
Selachians  by  the  slendemess  of  the 
upper  part  of  the  hyoid  arch,  which 
does  not  support  the  palatopterygoid 
bar  and  mandible.  The  palatoptery- 
goid is  connected,  however,  with  the  cranium  by  a  distinct  fircet 
articulating  with    the    postorbital  process.      This    structure  is    re- 


^:§i^'^t^ 


V\%.  S63, —Lower  leeih  of  NetidoMut 
gigai ;  rrom  Ihe  Red  Crag.  The  an- 
rerior  cu«ps  are  worn  away  in  the  lower 
figuR.    (After  Smith- Wood  ward.) 
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by   Mr  SmUh-Woodward    as    but  veiy   slightly   iemo\-«! 
tbe  otiginal  primiiivc   condition ;  Catradon,  in   which  the 
biilar  becomes  tUstinctly  differentiated,  lx:iiig  a  stcj)  in 
iTaim.      In    time    this    gcnu»    is    definitely    known    to    range 
the   Middle   Jura.s&ic   of  che   Oxford   Clay  to   the  present 
tl  hu  indeed  been  recorded  from  the  Lias,  but  the  dctcr- 
is  more  than  doubtful.     Nearly  all  the  described  species 
Eeropean,  but  one  has  been  recorded   from  the   Teftiary  of 
Zcabnd.      Some  of  tbe  fosNil  torih  tihow  sii^ns  of  tvc^r  at 
smnitB,  And  it  thus  seem«  th.it  they  must  Ktve  been  firmly 
loicd  in  tbe  jam  h'Vc  those  of  the  Hybodunt:^;  specialisation 
Iniog  apparently  tended  to  produce  a  loose  dental  articul-ition 
riBDqgfaoet  the  section.     The  genus  CMamydoselaefu  has  a  terminal 
nmdi,  with  Utera)  teeth  similar  in  butli  jaws,  and  consisting  of  three 
ibdtT  rottcs  separated  by  smaller  cusps ;  the  notochord  beint;  partly 
This  genus  is  now  known  by  a  single  living  species  from 
aea3,   but  lecth  from  the  Pliocene  of  Tuscany  have 
referred  to  it      It  will  l>e  ohsened  from  the  figure  that  the 
feundibular  articulation   of  Notidanus   ia   placed    for    hchind  the 
proper,  and  it  is  twtewonhy  that  a  similar  condition  ob- 
bus  io  fimratanihvs  unong  the  Ichthyotomt. 

FxiuLV  CocHUOimNTiDit — With  this  family  we  enter  the  second 
Kries  of  the  section,  in  which  there  arc  two  dorsal  fins  and  five  gill- 
defts.  The  present  extinct  family  is  an  ill-dcfincd  one,  apparently 
lOied  to  the  Ctsfmei&ntida,  but  with  a  more  specialised  dentition, 
Tbe  dentition  is  formed  from  that  of  the  CtUradovtida  {infra)  by 
Ihc  welding  of  at  least  ot>e  of  the  oblique  trann'erse  rows  of  teeth 
encircling  each  ramus  of  the  jaws  into  a  continuous  airvcd  plate 
(fi^  863),  which  may  have  either  a  smooth  crown-surface,  or  may 
be  marked,  as  in  ttie  figured  example,  by  grooves  and  ridges,  indi- 
catng  its  compound  origin.  These  dental  plates  grow  hy  additions 
to  their  inrjcr  borders,  while  the  outer  borders  are  usually  involuted. 
Tbe  dorsal  fins  were  provided  with  spines.  This  family  eoniprifies 
a  number  of  genera  from  the  Carboniferous,  only  sonic  of  which  can 
be  Twy  briefly  noticed  in  this  work.  The  one  most  imperfectly 
ktuiwn  is  fleioduSi  fmm  the  Hnglisb  C3rlK)nift'rous,  which  appears 
allied  10  tbe  ttext,  but  does  not  seem  to  have  tiad  the  tt-eth  welded 
pbtca,  at»d  therefore  differs  from  the  accepted  definition  of  the 
ily.  Pkarofiax  {Pteurodus)  and  Fsephodus  are  more  tyi>ical 
the  latter  occurring  bolh  in  Euroiw  and  North  America. 
dental  plates  of  Fsefhodus  form  at  least  one  scries  of  smooth 
cnncd  teeth,  without  coronal  ridges  or  involution  of  the  outer 
bonier ;  and  there  were  also  smaller  rows  of  lateral  teeth,  as  well  as 
:ie  prelteiistle  teeth  at  tlic  cxltcmities  of  the  jaws.  Sanda/^dur  is 
by  the  huge  dental  plates,  which  arc  of  an  elongated  Irian- 


940  CLASS  PISCES. 

gular  shape,  with  the  outer  border  sHghtly  involuted,  and  an  uods- : 
lating  coronal  contour  in  the  upper  jaw ;  the  genus  occurring  n . 
Europe  and  the  United  States.     Other  genera  which  can  be  modf  ■ 
mentioned  are  Tomodus,  Xystrodus,  Deltodus,  and  Ptedlodms ;  the 
three  last  being  common  to  Europe  and  North  America.     Teeth 
referred  to  Pmdlodus,  and  to  the  above-mentioned  genus  Psephsitt, 
have  also  been  described  from  the  Carboniferous  of  Northern  Indik; 
and  the  teeth  from  the  same  beds  described  under  the  name  of 

Helodepsis  are  likewise  referable  to 
the  present  family.  In  the  tn" 
genus  CochHoduSf  of  Europe  and 
the  United  States,  there  are  tw 
pairs  of  dental  plates  in  the  nun- 
dible  (fig.  863),  in  which  the  ouia 
border  is  much  involuted.  The 
posterior  plate  is  elongated  antero- 
posteriorly,  and  has  its  anteiiot 
Fig.  863.— u««r  dentoipuittof  Cm:*/!-  and  posterior  borders  converging 

ffrfm  ceMlerlui:  from  ihi  Carbonifcroui  of    „„t„„,ji„   ,„j  ,  „,„„;„„_,  „l,i;„„. 

Armagh.  One-taif  i»tu™i .!«.  Tht  iped-  outwardly,  and  a  prominent  oDliqoe 

men  ii  viewed  frODi  ihc  anlerior  upcct,  uid    ri,^„fi      lilrpuriu'     narrrvm'xrto     in    thr 
Ihe  whire  line  or  ihe  left  lideihowiThedivi.    "°g^>     '"'eWlSe     nanOWmg     m    UW 

uon  of  ihe  iwo  plates.  Same  direction,  in  the  middle  of 

the  crown.  The  anterior  plate  is 
narrow  from  before  backwards,  with  a  ridge  on  the  hinder  border  of 
its  crown  resembling  the  median  ridge  of  the  larger  plate.  The 
remaining  genera  of  this  family  are  Streblodus^  DeltoptyJtius,  Diplac- 
odus,  and  Cyrtonodus,  of  which  the  two  last  are  doubtfully  entitled 
to  distinction ;  while  other  names  have  been  applied  to  detached 
anterior  teeth. 

Family  CESTRACioNxiDiE. — This  family,  which  may  be  taken  to 
include  the  Orodontidtx  and  Hybodontida  of  many  writers,  is  repre- 
sented by  a  considerable  number  of  genera  ranging  from  the  Car- 
boniferous to  the  present  day;  all  the  existing  species  being  included 
in  the  tjqie  genus  Cestradon,  of  which  the  upper  dentition  is  shown 
in  fig.  864,  The  family  is  characterised  by  the  presence  of  a  spine 
to  each  dorsal  fin,  of  which  the  first  is  placed  immediately  above 
the  interval  between  the  pectoral  and  pelvic  fins.  The  teeth  are 
generally  more  or  less  obtuse,  with  several  series  in  use  at  the  same 
time,  and  those  of  each  oblique  series  never  fused  into  continuous 
plates.  One  of  the  oldest  genera  is  Orodus  (more  correctly  Oreodus), 
of  the  Carboniferous  of  Europe  and  the  United  States,  in  which  the 
teeth  are  of  the  general  type  of  those  oiHybodus^  and  are  only  r^arded 
by  Mr  S,  Woodward  as  entitled  to  separation  on  account  of  the 
absence  of  other  associated  remains  which  are  characteristic  of  the 
Mesozoic  genus.  It  is  probable  that  some  of  the  dorsal  fin-spines 
originally  described  under  the  name  of  Cltnacanthus  belong  to 
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Mom  of  these  spjnes  (fig.  852,  a)  are,  however,  rcfcrahle 
dte  allied  CuiJooifcrous  genus  Sfi^naantt/tas ;   and   ihcy   arc 
~:  by  their  ortumeiiution  of  robust  longiludina]  ridges, 


/V 


dts^   (AIVaO«n.> 

fcji-h  are  partly  nodose.    Ot^cr  Carboniferous  getxra  are  Campodus, 
xUst^us,  and   Tntfy<Aiiis,  some  of  wliicli  liavc  several   synonyms. 
In  the  Thunngian  I'crmiar  this  family  is  rtprtacnled  by  the  genus 
IWkbfai,  in  wbJch  the  teeth  have  large  and  smooch  eionns  vrcll 


iht  LoKcr  Cnunniu.     Rnluctd. 


idapted  for  crushing;  while  in  the  Muschclkalk,  or  Middle  Trins, 
have  the  imperfectly  known  PalaoAatis,  wiih  iccih  wry  like  tliuse 
tsienuaniAtti.     With  the  genus  Jfyhodus,  ranging  from  the  Mus- 
elkalk  to  the  Lower  Grccnsand  of  Europe,  we  come  lo  a  type 
U  now  almost  as  well  known  to  us  as  existing  Sharks,  owing 
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to  the  bttautiful  preservAtion  of  uuiiy  of  the  specimens  From  I 
l,ias  in  which  deposits  these  fishes  were  nbundant.     Many  ofl 
numerous  species  Attained  very  large  dimCMixiions ;  and  the 
may  be  dcdned  by  the  following  chaniciers.     The  teeth  (fig. 
arc  conical  or  cuspidate,  the  crown  being  moK  or  less  striated, 

one  main  cone,  flanked  by  one  I 
more  Literal  cones,  and  the  Wtj 
hL-ing  more  or  less  dciiresscd.  ■ 
'I'lic  tet'th  at  the  sj-mphysis  an 
Iar}cc  and  few  in  number ;  while 
the  jinspines  {fig.  S66)  are  lon- 
giiudinally  grooved  and  ndgedi 
with  iwo  rows  of  denticles  placed 
near  the  posterior  borders.  The  most  leitiaikablc  feature  is,  how- 
ever, the  presence  of  iwn  large  hook-like  spines  immediately  behind 
each  orbit,  which  hav*:  been  described  under  the  name  of  Sfiitn- 
onckus.     The  notochord  is  persistent. 


Fin  B*;  — Toolh  <i(  jlcmtui  natiil/i.  from 
the  Lavcr  LJAitdf  L^iiir-Rr|r^h 


SjMcimens  of  the  I-nwcr  Liassic  fi.  IMafift/i^i  show  the  whole  of  tbc 
dentition  in  situ ;  and  it  apiiKio.  from  tiirsc  that  ihere  ivas  no  medtao 
8ymph>-sial  row  of  nwndibdar  teeih,  but  thai  there  were  ten  iransverW 
rows  of  lower  teeth,  with  five  teeth  in  each  n»iv,  while  the  number  of  rowt 
in  the  upper  jaw  was  cither  nine  or  ten.     In  ihe  later  h>m\s,  such  a*  H. 

finsfiKus  of  the  Wealden,  ihe  teeth 
differ  from  those  of  the  typical 
I.iassic  forms  by  the  taller,  com- 
preM(nl,and  ncarlysmooih  crowos, 
and  Mr  WniidviTird  sujrgcsts  thai 
it  may  evemiially  he  a(i^■I»lUe  ta 
refer  these  tyqtes  to  :i  dittinci 
pemis.  The  orhita!  ho»k«  found 
tn  the  Oxford  and  Kimeridge  day 
indicate  lishes  of  very  lar^  di- 
mensions. 


■// 


The  genus  Atrodtis  is  closely 
allied  lo  the  preceding ;  but 
the  teeth  (fig.  867)  are  non- 
cuspidate  and  more  rounded 
Tliis  genus  i»  abundant  in  the 
•u.  Lias,  where  it  is  represented  by 
""■  the  lai^c  *-(.  Hvf^Iis,  which  is  the 
type ;  but  it  also  extends  down- 
wards to  the  Mu»chelkalk,  and  ranges  upwards  as  high  as  the  Clialk. 
The  majority  of  the  speries  are  European,  but  the  genus  has  also 
been  recorded  from  the  Cretaceous  of  North  America,  as  well  as 
froin  certain  beds  in  that  coimtry  which  have  been  stated  to  be 
Miocene. 


-Pnn  ffthr  |-.i 
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mthia  {Str^kodut)  agrees  with  Hyfxidus  in  the  persistem 
prd  and  the  presence  of  orbital  spines,  but  differs  in  the 
lEt3  of  the  liii-fipines  and  (ccth  (ligs.  868,  869).      'Itic  prin- 

eeth  fonn  irregular  rhomboids,  with  shghlly  arched  and 
)d  crcMms,  marked  by  a  reticulate  omainentation — the  sym- 
tectb  being  large,  few,  and  simple.  'Jhc  fin-s[iincs  an: 
I  by  uellsue  tubercles,  which  are  somelimes  fused,  and 
ini  poKeriar  nxstal  series  of  dt.-iiticlcN  'ITie  lyjic  species 
68)  b  of  great  sixc,   and  occurs   typically    in    the  Orcat 

of  the  Continent  and  England,  but  ranges  upwards  10 
mwfidge  Cby,  and  thus  presents  a  remarkable  instance 
Intcncc.  Thb  genus  is  also  represented  in  the  Purbeck, 
extind  genera  are  Palaespinax,  from  the  Lias,  and  Syntfh' 
Om  the  English  Chalk,  both  of  which  have  teeth  closely 
\m%  those  of  Hyhodus ; 
I  firt-fpines,  at  least  in 
XDCT,  were  smooth,  like 
If  Ctstroiiori.  The  Cre- 
i  genus  is  tbe  more 
Iscd,  and  approximates 
nial  structure  to  AW/- 
;  tb«  palatoptexygoid  ar- 
ng  directly  with  the 
Finally,  the  esisting 
iffti  {\n  which  may 
forms  described 
names  of  Gyropieu- 
DreffanefiMonu)  oc- 

Europe  from  tbe  Kim- 
of    Bavaria    to    the 

Clay,  and  is  now  represented  by  four  species  in  Uic 
Bin  and  Japanese  seas.  'ITiis  is  a  specialised  genus  difTering 
U/erxuanthus  by  the  absence  o(  orbital  spines,  the  numerous 
hU  lymphysial  teeth  (fig.  1164),  ihc  smooth  (in-spincs,  and  the 
ctftcatton  of  the  vertebral  column. 

ILV  ScTLUiD*. — This  i»  a  family  of  sniall  extent,  and  most  of 
embers  of  which  are  of  relatively  small  dimensions.  The 
fins  have  no  »pir>es,  and  the  first  is  placed  above  or  behind 
hric  (in  ;  while  the  teeth  arc  small  and  rii«pid.ite,  generally 

series  being  simultaneously  in  use.  The  living  furms  arc 
jnlj'  knowTi  as  iJog-tishes.  Paia&seyltium,  of  the  Lower  Kim- 
Bi  of  Bavaria,  seems  to  he  allied  to  the  existing  GiHxlynrosloma 
y/iittm.     &jtIiodus,  of  the  KnglUh  Chalk,  is  an  imperfectly 

form  with  teeth  like  ScyUi"'",  but  with  vertebra:  approximal- 
^Xamna-     SeylUum  itself  is  represented  in  the  Cretaceous  of 


I'ic  t^' — LaKnl  and  cial  iuif«-r>  of  ft  loath 
tit  A  ilfr,Kanritt4  dFa.«/i'Mt<-iu.  fronib*  CofSlliui 
o(  llie  Cuniinciit-     (Alicr  Ziiwl.] 
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the  Lebanon  and  in  the  Continental  Miocene ;  while  allied  es 
genera  are  FrisHurus,  from  the  Lower  Kimehdgian  of  Bavaria, 
Mesitia,  from  the  Lebanon  beds.  Finally,  the  existing  Chik 
Hum  occurs  in  the  Miocene  of  Wiirtembei^ ;  while  Gin^ymosi 
of  which  some  of  the  existing  species  attain  a  length  of  1 3  fe 
represented  in  the  Eocene  of  Alabama. 

Family  LAMNiDiC — This  family  comprises  the  largest  ol 
Sharks,  and  is  characterised  by  having  the  first  dorsal  fin  ^ 
above    the    interval    between   the  pectoral  and  pelvic   fins, 

without  a  spine.     The  teeth  are 
minate,     and    when    fully     adult 
solid   throughout      The  earliest 
which  has  been  referred  to  this  fi 
is    Carckaropsis,    known    by    deta 
teeth  from  the  Carboniferous  of  Ei 
and  North  America.      The  type  { 
Zamna,  in  which   Otodus  may  b 
eluded,    comprises    the    existing 
beagles,  and  has  large  lanceolate 
(fig.  870)  with  basal  cusps,  but  wii 
marginal    serrations.       Teeth    agr 
with   those  of  existing  forms  in 
general   contour  are  found  in  Ei 
from    the   Lower    Miocene   (fig. 
upwards,    the  so-called    L.   acumi 
from   the    Chalk,    belonging,    how 
to  the  next  genus.     In  another  group  of  this  genus,  formerly  ki 
as  Otodus,  the  teeth  (fig.  871)  are  distinguished  by  the  great 


Fig.  870.— Toolh  of  Lmmita  aa- 
fidiUa,  (tarn  Ihe  Lower  Miocene 
(Oligoccne)  of  Gcnnany.  (Af\er 
ZiLtel.) 


Fig.  S71. — ToDih  of  Lamna  a^ftndienlttttt, 
fiom  the  EngUih  Chalk- 


Fig.  873.— Toolh  o(  Ojtyriima  ^ia 
fiom  ihe  Hungariui  MioCBOC 


pression  of  the  crown,  the  large  basal  cusps,  and  the  shortne 
the  root.  Teeth  of  this  type  occur  in  Europe  from  the  Ga 
the  London  Clay,  and  are  also  represented  in  the  Upper  Cretai 
of  Southern  India  and  New  Zealand.  The  nearly  allied  but  e: 
genus  Oxyrhina  is  characterised  by  the  still  greater  compressi 
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ODras  of  the  teeth  (fig.  872),  which  are  generally  devoid  of 
ciBpi.  Il  has  been  recorded  from  ihe  Jurassic,  and  occurs 
hfilJj  in  the  Challi  of  Europe,  Indiii.  and  New  Zealand,  and 
»  rrpnsented  in  ihe  European  Miocene.  Teeth  from  ihe 
'  Octtceous  or  Europe  and  India,  differing  from  ihasc  of 
by  (he  tiearlj:  circular  section  of  their  crowns,  have  been 
to  tbe  existing  genus  Odem/aspts ;  but  Mr  S.  Woodw;trd 
that  tbcy  belong  to  a  genus  from  (he  Crctaccouit  of  the 
originiilly  described  under  the  preoccupied  name  of  Hhino- 
I,  but  nov  known  as  Sea^ntfrhymhus.  Odontaj/di  iti;e1f 
n  the  Eocene.  Teeth  of  a  long  and  slender  type,  from  ihc 
urassic  arvd  l^wer  Cretaceous,  have  been  described  under 


y~-T*9t^^  C^nharrim  mttaM-t,  bom  ih*  M  iocm*  gT  M  ill*.     (\br  Ziiigl.] 


DC  of  Sfhtnodus,  now  changed  w  OrlAawdus.  Other  teeth, 
le  Comtinenial  Miocene,  have  been  referred  to  the  existing 
Aiofetms  or  "Threshers."  With  Carehawothn  wc  come  to 
of  ertotmous  size,  characterised  by  their  large,  ]1al,  and  rcg- 
lhan(;ular  teeth  (fig.  873),  in  which  the  edges  are  scrraicd. 
Eie  are  no  basal  cusps.  The  one  existing  Mijecies  attains  a 
of  40  feet,  and  has  teeth  measuring  a  little  over  3  inches 
margins,  with  a  basal  width  of  1.8  inches.  It  occurs  fossil 
liocetie  of  Europe.  In  tbe  Red  Crag,  and  also  at  the  lx)ttoni 
teetb  arc,  however,  found  in  which  the  corTe*pon<ling 
are  5  and  4  inches,  and  thus  indicate  enormous  indi- 
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viduals.      Smaller  teeth  (fig.   873)  also  occur  commonly  in    J^2 
Miocene  of  Malta,  the  Tertiary  of  New  Zealand,  and  still  aia***^ 
forms  (fig.  874)  in  the  Lower  Miocene  and  Eocene  of  the  OC*^ 
tinent ;  and  the  genus  is  also  represented  in  tf** 
Pliocene  of  Burma.     Its  earliest  representatif^ 
is,  however,  C.  longidens,  from  beds  which  appetf' 
to  be  of  the  age  of  the  Maastricht  or  topmo* 
Cretaceous.     Small   compressed  and   triaiignhi 
teeth,  usually  with  serrated  edges,  from  the  Ox^ 
of  Europe  and  India,  to  which  the  name  Gmu 
CaXl^'^'^Zi   has  been  applied,  probably  indicate  Sharks  allitd 
tut,  from  ihe   Lower    to   CarcharodoH,    atthougti    in    external    contov 

Miocene    of    Ihe    Con-        ,  .  ",  i  ,.       . 

linenL.  Reduced.  they    approximate    to    the    teeth  of    the  not 

family ;  they  have,  however,  solid  crowns.  The 
genus  Cetorhinus  {Se/acke),  now  represented  by  the  huge  BaskiDg 
Shark,  dates  from  the  Pliocene. 

Family  Carcharhd^, — The  last  family  we  have  to  menticoiii 
distinguished  from  the  preceding  by  the  presence  of  a  nictatiiig 
membrane  to  the  eye,  and  also  by  the  hollow  crowns  c^  the  teedi 
It  is  unknown  before  the  Upper  Cretaceous,  and  is  dominant  at  the 
present  day.  The  teeth  have  triangular  and  compressed  crowns, 
usually  with  more  or  less  distinctly  serrated  edges.  The  genus 
Hemipristis,  of  the  Upper  Chalk  and  Lower  Tertiary,  is  chaiac- 
terised  by  its  tall  lanceolate  teeth,  the  crowns  of  which  have  botfi 
edges  coarsely  serrated,  except  at  their  summits.  The  existing 
genus  Gakocerdo  is  first  recorded  from  the  topmost  Cretaceous  of 
Holland,  and  occurs  throughout  the  European  and  American  Tct- 
tiaries  from  the  Eocene  upwards ;  the  existing  forms  being  known  as 
"  Topes."  Carcharias,  including  the  well-known  Blue  Shark,  has 
small  and  generally  triangular  teeth,  those  of  the  upper  being  very 
different  from  those  of  the  lower  jaw.  It  may  be  divided  into 
several  groups  from  the  structure  of  the  teeth,  which  in  some  forms 
have  smooth  edges.  It  first  occurs  in  the  London  Clay,  and  is 
thence  found  throughout  the  European  Tertiary  series ;  it  has  also 
been  recorded  from  the  Egyptian  Eocene,  and  is  found  in  the  fiesh- 
water  Pliocene  Siwaliks  of  north-western  India.  The  strange  Ham- 
mer-headed Shark,  the  only  representative  of  the  genus  ^hyrma 
{Zygana),  has  teeth  so  closely  resembling  those  of  Carcharias  that 
it  is  almost  impossible  to  distinguish  detached  specimens.  It  ap- 
pears,  however,  that  there  is  sufficient  evidence  to  prove  the  exist- 
ence of  a  species  of  the  former  genus  in  the  Miocene  of  Europe  and 
of  the  United  States. 

IcHTHvoDORULiTES. — In  conclusion,  a  brief  notice  may  be  given 
of  a  few  of  the  numerous  genera  founded  upon  the  so-called  "  ich- 
thyodorulites "  or  spines,  of  which  the  serial  position  cannot  at 
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tbc  detcnniaed,  and  several  of  which  arc  probably  referable 
>idci.  Tbc  earliest  of  these  is  Onehus  (fig.  875,  \), 
(&e  Silurian  bonc-bcd  of  I  .u<lIow,  to  which  genus  may  also 
[thedemul  denticalex  (i^iJ.,  B)  described  under  the  name  of 


ni  Hv  '  ggtit  («1  0*  OiU*mw  liwtbtrianu,  an  J  [ »}  Utt  mal  p^aU*  o(  Tluiftm  ! 
bum  ibi  Sllniin  of  Ludlu". 

ThtUgt.  In  the  Devonian  of  North  America,  and  aUo  in  the 
ITppa  Silurian  or  Devonian  of  Hohcnna,  large  spines  have  been 
abed  under  the  name  of  Miukaracanthus  (fig.  $76),  which 
dy  belonged  10  the  dorsal  fms,     Gyratanthus  is  ba-^ed  on 


OwkaU  HtiukI  liM.    (Aflct  Nealicrry.) 

ical  Spines  (fig.  853,  3),  which,  it  has  been  suggested, 

_  Jong  to  the  pectoral  fins.  Other  Carboniferous  specimens 
nt  been  named  Lophaeanthus  and  Ofafanihus  (England),  Eu- 
tam/Jius  (Russia),  Xystramnthui  (Morth  America  and  India),  and 
%tMma{aiiHitftus  (India), 
be  spines  described  as 
racamtkui  amrtoK  Icnown 

belong  to  the  bead  of 
Selachian,  and  not,  as 

first  kupfxncd,  10  the 
il  of  a  PLicodermtc  (la- 
id. It  will  be  un- 
Ksssrjr  to  mention  a 
mber  trf  other  t>'pcs 
Kii  varioOE  deposits  ;  but  _ 
■    must    not    conclude      ri<.  i;?.- P«n  ■'*Caii<i=.ii  tpin* -rf  Atrf«i-»»»r: 

.  ,  .  ■         txrni  111*  C»rtuQHct"ii«  "f  NorUi  ttmava,.     Onc-halr 

tfafHIt     referring     to     the      ntnud  >«■     (A/i*r  NewUcry.J 

oarkahic  specimens  (fig. 

f7)  from  the  CarlKjniferous  of  North  America  and  Australia,  to 
uch  the  name  E-ieiius  has  been  given,  These  have  a  highly 
1  axti|  bearing  compressed  lancet-like  leeth,  with  serrated  edges 
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either  on  the  convex  or  on  both  borders.  It  is  suggested  that  tiny 
may  have  been  carried  on  prominences  in  the  caudal  region.  Aid 
after  describing  the  best  preserved  remains  of  this  genus,  Dr  New- 
berry concludes  as  follows :  "  Hence,  until  further  li^t  shall  be 
thrown  upon  the  interesting  question  of  the  homologies  and  functioni 
of  [the  remains  of]  Edestus,  we  may  regard  them  as  the  post-donl 
spines  of  large  cartilaginous  fishes,  of  which  the  other  puts  are  yet 
unknown,  and  may  suppose  that  they  were  used  for  attack  and  it 
fence,  like  the  spines  of  Trygon  or  Acanthurus." 

Spines  of  similar  type  from  the  Carboniferous  of  Russia,  ori^ 
ally  described  as  Edestus  prot{^irata,  have  been  subsequently  nude 
the  type  of  the  genus  Protopirata,  although  it  is  doubtful  irtietiiff 
this  term,  having  been  first  made  a  specific  one,  is  admissible  as  x 
general  one. 
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CZASS  PISCES—conlinued. 


ORDEKS   CaiMBROtUBI    hVT>    DtPKOt. 


Ill    Crimeroioki. — ^The  ChJtnxroids  are  marine  fishet, 

by  some  wriiers  as  a  sulx>rder  of  Elasmobmnchci ;  but 

they  resemble  Sharks  in  cxtemni  cuntour,  in  tlic  presence 

"daspers"  on  the  pelvic  fina  of  the  m.ile,  nnd  in  the  structure 

I  CB-capsules,  yet  ihcy  present  such  important  differences  as 

'  the  propriety  of  referring  them  to  a  distinct  order.     'I'he 

b  entirely  canib^inous,  And  the  vertebral  column  only 

iB|iafeiJl]]r  segmented;  the  notochord  lieing  surrounded  by  n  series 

«f  GBtilagtnous  rings,  which  may  be  partly  calcified.     The  skin  of 

ibe  lyptol   forms  i%  ui^ually  quite  naked  in  the  adult,  but  in  the 

yOKig  there  is  a  row  of  sniall  dermal  ossiFicittuns  on   the  tiack. 

Tht  skull  is  movably  articulated  to  the  vertebral  eolinnn,  and  has 

Ac  hyomaodibuUr  fused  with  the  palalopter>-goid  bar,  and  the  latter 

inly  united  to  the  cranium,  with  which  the  mandible  conse(]ucntly 

MicaUtcs  without  the  intcn-cntion  of  a  separate  suspcniionum — 

iIm  xrrangement  being  tenned  autostylic.    The  gill-clefts  are  four  in 

DBuber,  and  protected  by  a  fold  of  ikin  containing  a  cariilaginouh 

^l-cover  ;  their  communication  with  the  exterior  being  effected  by 

>  angle  aperture.    The  mouth  is  always  terminal;  and  in  the  recent 

fiwiDS  each  jaw  carries  one  pair  of  molariform  teeth,  roipectively 

uuched  to  the  palotopterygoid  and  Meckel's  cartilage  (mandible), 

with  the  addition  of  a  smaller  anterior  pair  of  vonterinc  rutiing-icelb 

in  the  tipper  jaw — all  these  teeth  i>ersi.«ting  throughout  life.     The 

bu  arc  similar  in  structure  and  position  to  those  of  the  Sharks  -.  the 

fint  dorsal  always  carrying  a  strong  spine,  which  articulates  with 

the  neural  spines  of  the  vertebrae,  and  is  thus  susceptible  of  niolioti. 

In  the  absence  of  a  swim-bladder  the  Chimeroids,  again,  agree  with 

ifae  Ebsmohranchx.     There  is  a  laicral  line  stren^thetied  by  carti- 

lings.     From  the  absence  of  any  membrane  bones,  the 
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massive  teeth,  which  are  strictly  comparable  to  those  of  the 
constitute  the  whole  of  the  solid  part  of  the  jaws. 

This  order  may  be  regarded  as  in  some  respects  connectittgl 
Elasmobranchs  with  the  Dipnoi — the  autostylic  cranium  and 
dentition  being  essentially  Dipnoid.     ChimEeroids  have  existed  I 
the  Lias  upwards,  and  not  improbably  date  from  the  Devoma| 
while,  as  is  usually  the  case,  some  of  the  extinct  genera  show  : 
more  generalised  affinities  than  their  existing  representatives. 

Family  Squaloraiida. — The  extinct  genus  Squahraia  waskii|j 
regarded  as  an  Elasmobranch  of  somewhat  uncertain  affinities;  Mj 
according  to  the  observations  of  Dr  Traquair,  it  should  find  a  pbee  : 
in  the  present  order.     In  this  genus,  which  is  confined  to  the  IJi% 
there  is  an  elongated  body  ;  while  the  skull  is  produced  into  a  long 
flat  rostrum,  and  carries  a  basal  pair  of  teeth  separated  at  the  sym- 
physis, in  advance  of  which  are  two  small  vomerine  teeth  of  the 
normal  Chimxroid  type.     Further,  the  skull  of  the  male  has  a  pre- 
hensile spine  on  the  upper  part  of  the  snout,  resembling  in  structure 
that  found  in  Ischyodus.     The  "  lateral  line "  agrees  with  that  of 
other  Chimseroids  in  being  open,  and  protected  by  cartilaginous 
rings ;  while  the  skin  appears  to  have  been  entirely  naked.     The 
vertebrae  are  of  the  Tectospondylic  type  of  those  of  the  Rays.    The 
skull  has  been  described  as  hyostylic,  but  Dr  Traquair  considen 
that  this  is  due  to  crushing,  and  that  it  is  really  of  the  autostylic 
structure. 

Family  ChiM/Erid£. — Nearly  all  the  remaining  forms,  from  the 
Lias  upwards,  may  apparently  be  included  in  this  family,  which  ii 
now  represented  by  Chimara  and  Callorkynchus.  The  teeth  aze  of 
enormous  size,  those  of  opposite  sides  meeting  in  a  median  sym- 
physis  ;  and  each  tooth  has  one  or  more  triturating  ridges,  w  pro- 
minences, difTering  in  appearance  from  the  rest  of  the  tooth,  whidi 
may  be  conveniently  termed  tritors.  The  type  genus  Chimara  has 
the  teeth  adapted  for  cutting ;  those  of  the  mandible  being  thin  and 
plate-like,  with  one  large  median  tritor,  and  two  tritors  near  the  an- 
terior extremity,  and  an  outer  series  in  the  form  of  dots  ;  while  the 
palatal  tooth  varies  considerably  in  shape.  This  genus  is  repre- 
sented at  the  present  day  by  three  species,  and  has  also  been  re- 
corded from  the  Pliocene  of  Italy  and  the  Miocene  of  Bavaria.  In 
Elasmodectes  [Elasmognathus)  of  the  English  Chalk,  the  mandibular 
teeth  are  likewise  of  a  cutting  type,  but  without  the  median  tritor. 
The  extinct  Ischyodus,  which  in  England  ranges  from  the  Upper 
Jurassic  to  the  Chalk,  but  has  also  been  recorded  from  the  Eocene 
of  North  America  and  the  Cretaceous  of  New  Zealand,  appears  to 
connect  Chimara  with  the  next  genus  ;  the  teeth  being  more  adapted 
for  crushing.  The  mandibular  teeth  are,  indeed,  more  massive, 
and  generally  have  two  well-marked  tritors  externally  to  the  large 
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one;  while  Uierc  is  a  spine  on  ihe  rosinim.     Edaphodm, 
I  laqgcs  from  the  Lower  Crcensand  to  the  Middle  Eocene  of 
bam,  like  ibc  last  genus,  attains  gi^cantic  dimensions,  but 
I  teetb  adapted  tintirely  for  crushing,     'J'hc  mandibular  tooth 
:8;8)isTery  massive,  and  has  its  sj-mphysial  surface  (which  in 
'  pnceding  genera  is  narrow  and  grooved)  very  wide  and  quite 
irhile  there  are  two  outer  artd  one  median  triiors,  ■.%%  well  .is  a 
ntnal  tritor  which  is  not  shown  in  the  figure.    Each  pahial  looih 
1  Anwhcd  with  three  triiori.     TCTrth  of  this  genus  are  common  in 
Oetnjceous   and   Tcniary  deposits.      Elastnodus^   which   is 
in  ibc  l.owcr  and  Middle  Eocene  of  England,  appcan  to  he 


nt- tii.— lNBBiaiC>asri)>cn[ti>nBti<iibiitkrtwikor£^/tm(mjr^Wf,-  TriMD  lb*  Englith 
OaIL.    R*iIuc*iI.    (Aftn  Ecmon.) 

allied  to  lh«  preceding  genus ;  while  in  the  existing  Cnllorhynehus 
we  apparently  have  the  most  specialised  representative  of  the  group 
with  entsbitig  teeth.  The  latter  genus  is  represented  by  an  existing 
sfiectes  in  the  Southern  sea^  and  by  a  fossil  one  from  the  Ixiwer 
Crecacecus  of  New  Zealand.  The  mandibular  tooth  is  inaN:>ive, 
with  a  narrow  symphysis,  and  only  a  single  tritor,  representing  the 
large  median  one  of  Edaphothn.  Other  European  forms  are  Can- 
uims^  frDtn  the  Lower  Jurassic  of  Stoncitfield,  in  ultich  the  tritors  of 
the  mandibular  tooth  are  condueni ;  and  Myrttuanthus  i,Pri'^aSk- 
tdu  «  Mttp/acanikut),  of  the  l.ow«  Lias  of  Dorsetshire,  which  is 
known  both  by  the  spines  and  the  teeth.  Its  piemaxill^iry  tceili  ;ite 
chisel-like  in  shape.  Le^atanlhm  of  the  Lias,  and  Difristit  of  tlie 
Middle  ^[iocene,  are  imperfectly  known  forms  probaljly  referable  to 
tki»  fiunily.  In  North  .\mcrica  the  names  Evuiyiodus,  Lepti^myius, 
Byaaitais,  Dtphrissa,  luttitnitt,  and  ^^kagtopxa  have  been  applied 
to  CrOceous  forma,  while  a  Miocene  typt-  has  been  called  Myh- 
gmmUtMS  :  but  there  is  considerable  doubl  whether  all  these  forms  arc 
rtaOy  <li»Tinct  from  European  gervera. 

As  genera  of  which  the  family  position  is  uncertain  may  be  mcn- 
Ckimtarfipsis  from  the  Lower  Kinieridgian  of  Bavaria,  whieh 
iroin  existing  forms  by  its  shagreen  skin,  and  apparently  also 

VOU  It.  £ 
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by  the  presence  of  a  remarkable  spine-like  tooth  placed  in  front  ^i 
the  normal  tooth  of  the  mandible.     The  fin-spines  of  this  gO-  . 
approximate  to  those  of  the  Elasmobranchian  genus  Asteraau^i^, 
Rhynchodes  from  the  Devonian  of  Ohio,  and  Ptyciodus  from  thtt^ 
both  Russia  and  Illinois,  are  genera  founded  upon  teeth  which 
describers  refer  to  this  order.     Some  of  the  genera  founded 
the  evidence  of  detached  fin-spines,  a  few  of  which  are  noticed  it 
the  preceding  chapter,  should  perhaps  also  find  a  place  among  the 
Chimseroids. 

Finally,  the  genus  Calorhynchus  may  be  mentioned  in  this  as- 
nection.  It  was  founded  upon  spines  originally  r^arded  as  ihft 
rostra  of  Sword-fishes,  but  which  are  evidently  of  dermal  origin,  and 
are  considered  by  Mr  S.  Woodward  as  being  probably  fin-spins  rf 
Chimseroids.  These  spines  occur  in  the  Chalk  of  England  tad 
Maastricht,  in  the  Lower  Eocene  of  England,  Egypt,  and  India,  and 
also  in  the  Middle  Eocene  of  Bracklesham  in  Sussex. 

Order  IV.  Dipnoi. — The  Dipnoi,  which  Dr  Giinther  r^aidi 
OS  a  subdivision  of  the  Ganoidei,  are  typically  freshwater  fidu^ 
usually  presenting  the  following  characters :  The  body  is  covered 
with  imbricating  cycloidal  scales,  while  the  vertebral  column  is  car- 
tilaginous, and  there  are  both  anterior  and  posterior  nostrils  placed 
more  or  less  within  the  mouth  (fig.  S8i).  The  primitive  cartila- 
ginous cranium  persists  more  or  less  completely,  and,  like  that 
of  the  Chimseroids,  is  autostylic ;  cranial  membrane  bones  are, 
however,  always  developed  to  a  certain  extent,  and  there  are  also 
splenial  and  articular  bones  in  the  mandible,  while  the  cranium  ii 
immovably  connected  with  the  vertebral  column.  The  palatopteiyg- 
oid  bar  persists  as  the  functional  upper  jaw,  and,  as  in  the  living 
Chimseroids,  carries  a  single  pair  of  molariform  teeth,  while  a  cor- 
responding pair  of  teeth  are  placed  on  the  splenial  and  articulai 
bones  of  the  mandible.  There  is  also  a  smaller  pair  of  vomerine 
teeth  ;  in  advance  of  which  there  may  be  other  minute  teeth.  The 
paired  fins  have  a  long,  cartilaginous,  jointed,  median  axis  (fig.  845), 
and  the  tail  may  be  either  diphycercal  or  heterocercaL  There  are 
no  functional  hranchiostegal  rays  ;  and  the  five  or  six  cartilaginous 
branchial  arches  are  more  or  less  rudimentary,  and  their  single  apo"- 
ture  is  closed  by  a  gill-cover.  The  teeth  agree  with  those  dl  the 
Chimseroids  in  having  no  successors ;  but,  from  the  presence  of 
membrane  bones,  do  not  constitute  the  whole  of  the  jaw. 

In  the  structure  of  their  skull  the  Dipnoi  show  affinities  to  Chi- 
mferoids.  Ganoids,  Teleosteans,  and  Amphibians;  the  autostylic 
feature  connecting  them  with  the  former,  and  the  double  nares 
with  the  latter,  in  which  the  skull  is  also  autostylic  The  lungs  are 
formed  by  the  connection  of  the  swim-bladder  with  the  gullet  by 
means  of  a  duct,  and  these  fishes  can  thus  either  breathe  by  means 
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fiOi  in  water,  or  by  their  lungs  on  land.  In  Ihe  existing 
\hva^Urmi  iher€  arc  cxicmal  luanchial  tufts,  like  those  of 
of  the  Amphibia.  The  stnicture  of  the  peJvic  girdle  and 
ihubecn  already  noticed  in  ilie  iniixxiuctory  chapter  on  the 
i;  hut  it  may  be  observed  ihal  allhouyh  the  skdcton  is  cssen- 
Dt  ctnibginoas,  yet  imperfect  ossifications  may  occur  in  the 
bal  jpioes  of  the  vertchm:.  as  well  as  in  the  ribs  and  fin-rays. 
he  scales  may  he  cither  ganoid  or  cycloid. 

71ut  thb  order  is  essentially  nn  old  one,  may  be  itiferred  not 
djr  bom  the  widely  scattered  dtstiibution  of  the  three  exiting 
QCfai,  and  their  paucily  in  Kjtecies,  and  KDiiietime.s  in  individuals; 
It  also  From  the  geneiali.sed  structure  of  its  members,  and  the 
eonenee  of  one  of  the  exi&ling  genera  in  the  I'lias  of  Europe,  and 
;  nrfiuttd  Pcmiian  of  North  America. 

KvMiLY  Lepim>mrenid.«. — This  family  is  only  known  by  ivro 
nting  gciMni,  and  is  characterised  by  the  perbi^^tcnt  chondro- 
.  carrying  a  few  large  metnlwanc  bones,  hy  the  cyct<iid  scales, 


ri^  \f^  'Lifiiclinm  PMrad***,  fram  Sa1■I^  Amctjciu     Reduced. 
/,  Fectonl ;  i>,  Pilvk  An- 

e  absence  of  ji^lar  jilates,  the  continuous  vertical  fin,  and  the 
m»r  central  axis  of  the  paired  fit»,  which  are  reduced  to  filaments, 
le  two  genera  are  U^donrtn  (fig.  879)  of  ihe  .Amazons,  in  which 
f  paired  (ins  are  not  frinKcd  j  and  ProtffpUrus  of  the  rivcrK  of 
~^  '  Africa,  where  those  fins  are  furnished  with  fringes.     There 


Ib'-'I'W  BfCTfliiiaAi  tConarfw  ftrtUri),  hdn  (Juntutand.    Xtduced. 

small  conic&l  vomerine  teeth,  and  larger  cuspidate  teeth 
I  the  palate,  while  the  body  \»  eel-like. 

Family  Ceratodostid*. — The  genus  Ctratodus  (fig.  880)  has 
eo  generally  placed  in  the  san>c  family  a.^  the  preceding  forms,  with 
jich  it  agrees  in  the  coniinuous  vertical  fin,  the  cycloid  scales,  the 

of  jugular  plates,  and  the  few  cranial  bones.      In  many 
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respect!),  and  more  especially  as  regards  the  dentition,  CWnto^^     ^ 
pointed  out  by  l>r  Kritsch,  is,  however,  much  more  nearly  allied 
under- mentioned  family  Diflerida,  and  il  seemK  ndns:ihle  to 
it  as  rciiresenling,  at  least  provisionall)',  the  t>'pc  of  a  di&tinct  S^' 

Ceratf'iius  is  one  of  the  very  few  insUnces  where  a  genus  fo" 
upon  the  evidence  «f  fosiil  ipecimeiis,  has  ;(ubaequcntly  been  d^*-* 
ercd  in  a  livinjj  condition.    Fossil  teeth  of  this  genus  were  long  kra 
but  it  was  not  until  the  year  1870  chat  the  existence  of  a  living 
resentativc  wis  brought  lo  the  notice  of  science.     The  body  oa 
Barraniundas,  as  thcac  fishes  arc  termed,  is  lateraUy  com; 

with  one  continuous  vertical  fin ;  while- 
paired  fins  arc  paddle-shaped,  with  a 
fringe.     The  vomerine  icclh  (fig.  S81, 
are  shaped  like  the  incisors  of  many  moiW 
mals,  while  those  on  the  palnle  {iiiJ.,  at 
and  mandible  have  an  inner  smooth  con* 
vex  border,  and  externally  bear  a  nta^ 
ber   of  strongly-nurked   ridges  or   bomL, 
In  the  e\isting  species  the  teeth  of  o 
site  sides  are  separated  by  a  distinct 
tervol  (f[f,.  SS 1 ),  but  in  some  fossil  fo 
they  were  in  contact.     Again,  in  the  living 
species,  the  palatal  teeth  bear  six  distinct 
horns,  while  the  b-ickward  production  of 
the   inner    margin    fonn^   an    incomplete 
seventh  horn  (fig.  881):  but  in  the  man- 
dibular teeth  there  arc  not  more  than  *c 
typical  six  horns.     In  fossil  forms,  accord- 
fng  to  Professor  Miall,  the  mandibular  teeth  are  slightly  smaller  and 
narrower  than  the  palatal  ones,  and  have  not  more  than  four  horns; 
vrfiile  ihe  palatal  teeth  have  either  fi%-e  horns,  or  four  and  a  rudi- 
ment of  a  fifth  (fig.  88j); 
this  simpler   structure  of 
the   tcelh    in   tbe   eailiei 
forms  being  analogous  to 
that  which  we  have  already 
memioncd  as  obtaining  in 
the   Selachian  JVoHJamms. 
Some  of  the  fossil  teeth 
indicate  individuals  of  two 
or  three  times  the  sice  of 
the  Rarramunda,  of  which 
the  largest  specin\ens  at- 
The  position  of  these  upper  teeth 
on  the  pa]atopter)-goid  bar  is  wcU  shown  in  fig.  881,  which  also  ei- 


f*t>eri.      Kcdneed.      ■,  Vomt- 
tini;  11.  I'sUthI:  asi,  Mandi- 

bul^r  tmh  ;  ■,  oDiarinr ;  u',  (■»• 


Pl|.  tS>.— Thi  rich)  palslil  lootli  <A  Crrattdmi  llif 
l»/(tmmi,  fcoin  ihc  Ixiwcr  Condim 
Tm  kR  *ida  it  ih*  anivria  htknlu . 


fcoin  ihc  IxiwcT  CondimuA  oT  ai  tleri,  IncIU. 


tain  a  length  of  nearly  six  feet. 
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ilhtlBse  puasphenoid,  and  the  anterior  and  posterior  ante*. 
inpiinis  distribation  in  past  times,  nc  meet  wicli  remains  of 
(ptnailie  Jurassic  of  Colorado  and  Montana  in  the  United 
lUdibo  in  tlie  Lower  Jurassic  of  Stoncsliclcl  near  Oxfuid  ; 
lOMBofFT,  abundant  in  ihe  Upper  (Keuper)  and  Middle  (Mus- 
^}Tnu  of  Europe,  and  has  been  recorded  from  the  Lower 
iBmlcr)  of  that  formation  ;   it  also  occurs  in   Illinois   in 
,«kithaK  thought  to  be  probably  Triasstc;  while  in  India 
kvrmycoaiirKin  in  the  Maleri  group  oftheGondwana  syiiicm 
[ivCoitnt  Provinces,  which  is  not  improbably  also  of  Triassic 
I'wilwT.  Professor  CoiK'  lias  recorded  the  geiius  from  strata 
laid  Ancttca  identified  by  him  with  the  Permian ;    hut   the 
ifettD  the  European  Permian  originally  referral  to  this  genus 
1  to  Ctenedus, 
funvi  pRANEROFi.cvRiD£. — In  this  family,  which  has  been 
[fiRcl  bjtmat  in  the  Crossopicrj-gian  Canoids,  w-v  Ktill  have  the 


■Miuial  litt.     A.  'iaXt  nusnilisil. 


conttnuoos  vertical  lin,  the  diphycercal  caudal  lin,  and  the  narrow 
am  of  the  paired  fins  characteristic  of  the  preceding  families  ;  Imt 
the  scales  arc  said  to  liave  a  j^anoiJiil  structure,  jugular  plates  ate 
present,  and  there  is  a  scries  of  minute  teeth  in  the  margins  of  the 
j»w».  This  family  is  tyincatly  represented  hy  Phantroficuroit  (fig.  883), 
of  the  IVvonian  and  Carlwnifcrous  of  Scotland  and  the  Devonian 
of  Canada,  and  the  allied  Urtmtmus  of  Ihe  Scoliish  Carboniferous. 
W'e  (nay,  however,  here  menlion  the  genera  Mtgapteumn  *  and 
C»meiufioma  from  the  Permian  uf  the  Continent,  which  should  prob- 
ably find  •  place  in  this  or  an  allied  family.     The  former  genus  has 

■  Tbc  (taaiBlicndal  icale*  which  have  lieen  dtKritwl  it  )K!:loTi(!iii|;  10  this  gcniu 
UK  iboM  of  ■  Ganoid.    The  nnnte  ttiould  ptopcrly  be  At<s^l«plmriitit. 
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OSBiiied  n'bs,  large  operculars,  and  Dipnoid  teeth,  but  th«  foniii 
the  fins  and  tail  is  unlinau-n  ;  vrhJIc  the  latter  agrees  with 
pfeuron  in  the  structure  of  the  teeth  and  tail. 

Fa-MILV  DirrERiDjT.. — This  family  is  characieriicd  by  the 
development  of  the  cranial  bones,  the  more  or  less  ganoidfll 
ture  of  the  scales,  the  presence  of  jugular  plates,  the  heter 
tail,  the  two  distinct  dorsal  fins,  and  the  greater  sim  and  breadthl 
the  scaled  portion  of  the  paired  (ins.  Its  range  extends  from 
Uevonian  to  the  Ferminn,  and  it  shows  signs  of  connecting 
preceding  family  with  the  CrossoptcrygJan  Ganoids.  The  teA^ 
(fig.  88  5)  are  of  thv  same  general  type  as  those  of  CcraUtla, 
but  may  carry  a  larger  number  of  smaller  ridges,  which  in  toot 
insitances  (lig.  885,  t,  s)  are  ornamented  with  a  number  of  cu^  or 
dcnticulcs.  The  lyijictl  genus  Diplcrus  (fig.  884)  comprises  fiafao 
of  small  or  medium  sixe,  with  circular  scales,  and  both  the  dotal 
(ins  placed  in  the  hinder  Uiitd  of  the  body,  the  Jirst  being  mud) 
smaller  than  the  second.     1'he  |>ectoral  fins  are  long  and  paddlB- 


Pig.  O^^DifHm  yaJnrlKHuii :  tmrn  llie  Dtmnion  oT  Runig,  lwo-4biid( 
nalual  liic.     (Ah«r  PBiider-) 


shaped  ;  while  the  pcK-ic  pair,  and  the  anal,  are  respecli\-cly  placed 
beneath  the  first  and  second  dorsals.  The  quadrate  is  ossified; 
and  there  are  also  o^sitications  in  the  fin-rays  and  ribs.  The  leeth 
(fig.  885,  1)  carry  numcrou.'i  dcnticulcs  on  their  ridges.  This  geiUB 
is  characteristic  of  the  IJei'onian  (Old  Kcd  Sandstone)  of  Europe. 
Ctettoiitts  attains  considerably  larger  dimensions  than  the  preccdtnf 
genera  ;  some  of  the  s]tectes  reaching  a  length  of  nearly  five  feM. 
The  leeth  are  characierised  by  their  ridges  carrying  many  cusps; 
and  the  scales  are  targe  and  thin,  with  a  rhomboidai  contour,  and 
bearing  traces  of  rows  of  dcnticulcs,  with  vascular  grooves  on  tiw 
inner  side.  The  skeleton  closely  resemble*  thai  of  Ctratodus,  but 
is  more  fully  ossified  ;  and  l>olh  this  feature  and  the  more  numeroiU 
cranial  bones  are  regarded  by  iJr  Fritsch  as  characters  of  greater 
specialiwtion.  The  teeth  (fig.  8^5,  a,  j)  arc  frequently  simpkr 
Ihan  those  of  Dipltrus,  and  thus  approximate  to  those  of  Certttodms; 
while  the  form  of  the  parasphenoid  and  palatoptcrygoid  differs  con- 
siderably from  that  in  the  former.  This  genus  ranges  in  Europe 
from  the  Carboniferous  to  the  remiian,  being  very  abundant  in  the 


OKDKRS  CHIUEROIDEI  AND  DIPNOI. 

ox)  h  b  also  recorded  from  strata  in  Illinois  and  Teras 
ire  correlated  wjih  the  European  Ptrraian. 
}A3immhtn  of  thU  order,  but  perhaps  indicating  one  or  more  di»- 
I  bmilei,  we  may  class  the  following  genera  :  Pala^aphns,  from 
[Zteruaian  of  Europe  and  Ohio  (ihc  apecies  from  the  latter  area 
been  sepanled  as  ffeJioJus),  is  a  moderately  brgc  form   in 
ihc  mandibular  teeili  (fig.  883,  4)  are  very  broad,  and  carrj* 
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\oma  jam  nf  t>ifum  Vaittttbtmeii :  tram  ibe  ttrvoaUiL     «K, 
:a>ih:    a.  ■.  N>n>J  jpnm-o:  f,  faUloMirKoid.     *,  I'aUlc  of 
/»■'■  4iboniftm».     1.  ftUiadiLk  nl  Clnidmt  imititaiat;  CkrtioairaiMU. 

at  rti^'t-'f^wi  imtifii:  Dtvonlui.     All  ndveod. 


ffoor  low  ridges.  Hohdui,  from  ihe  Devonian  of  Russia,  is  a 
fonii  very  imperfectly  known,  but  apparently  allied  to  the 
while  Cotuhodus  u  known  by  teeth  from  the  &ame  de- 
sits  in  both  Scotland  and  Kussia.  Gunarhynckut.  of  which  the 
rizon  is  unknown,  may  also  be  provisionally  placed  hcr«.  From 
orth  America  we  have  Ptyemodtn  and  Gnalfwrhisa  from  the  Per- 
iaa,  and  Mytoshma  fiotn  the  Dc^'onian,  of  which  Ihe  full  affinities 
^uire  fitrtbcr  elucidation. 


CHAPTER    XLIX. 

CLASS    PISCES— continued. 

Order  Ganoidel 

Order  V.  Ganoidei. — The  Ganoids  form  an  order  exceedio^ 
difficult  of  definition,  owing  to  their  close  connection  on  the  ooe 
hand  with  the  Dipnoi  and  (through  the  Acanthodea)  the  EIudxk 
branchei,  and  on  the  other  with  the  Teleostei,  and  it  is  not  impnib- 
able  that  it  may  be  eventually  necessary  to  divide  them  into  at  tent 
two  orders.  As  mentioned  above,  some  writers  group  them  in  a 
subclass  with  the  Teleostei  under  the  name  of  TeleotomL  The 
body  may  be  either  naked  or  covered  with  shagreen  skin,  or  with 
large  detached  bony  scales,  or  completely  covered  either  with  trot 
ganoid  scales,  or  with  cycloidal  scales  of  a  ganoid  structure.  The 
vertebral  column,  again,  may  be  either  cartilaginous  or  fully  ossified; 
and  its  termination  in  the  tail  may  be  either  diphycercal  or  hetero- 
cereal.  Paired  and  median  fins  are  generally  present,  and  the  pelvic 
pair  (with  perhaps  one  exception)  is  abdominal  in  position.  The 
skull  may  either  be  covered  merely  by  cranial  membrane  bones^  or 
may  be  completely  ossified.  It  is  hyostylic — 1.«.,  there  is  a  hyoman- 
dibular  suspensorium — and  the  palatopterygoid  is  distinct  from  the 
cranium ;  and,  as  a  general  rule,  even  in  the  cartilaginous  fonns 
maxillae  and  dentary  bones,  which  carry  the  teeth,  are  developed  on 
the  palatopterygoid  and  Meckel's  cartilage  respectively.  The  gills 
are  usually  free,  and  their  single  aperture  is  covered  by  an  oper- 
culum ;  while  branchiostegal  rays  are  very  generally  present  In 
most  cases  a  secondary  pectoral  girdle  of  dermal  bones  (clavicular, 
supraclavicular,  &c.)  is  developed  externally  to  the  cartilaginous 
scapulo-coracoidal  girdle,  which  alone  exists  in  the  preceding  orders. 
Finally,  there  is  a  swim-bladder,  with  a  duct  into  the  pharynx  ;  while 
there  are  some  other  characters  of  the  soft  parts  into  the  considera- 
tion of  which  it  will  not  be  necessary  to  enter  in  this  work. 

Some  very  curious  features  occur  in  the  ossification  of  the  rer- 
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oatumn  of  ccruin  members  of  this  order  which  call  for 
notice  Thus  in  £uryft>rmi4i  the  ossifications  in  the  dorsal 
nraut  of  an  upper  and  a  lower  hollow.  i*-ctlgtvshap«I,  semi- 
,wiih  their  pointed  extiemtties  Jnicrlocking,  and  ihc  former 
the  neural  arches  and  the  latter  the  ribs;  while  in  the  tail 
two  centra  to  each  neural  arch.  i'>om  this  it  would  appear 
piecci  bearing  the  rilv>  in  the  dorsal  rrgion,  and  the  caudal 
hich  have  no  arches,  correspond  to  the  intercentro  of  the 
la,  which  arc  rwticcd  bclovr.  The  teeth  of  t'ranoids  vary 
1  structure,  and  may  be  either  conical  and  home  on  the 
of  the  ^ws,  when  they  are  continuously  rcpliiccd,  or  flat- 
Eks  aitarhed  to  the  vomer,  which  have  no  successors.  The 
of  the  6ns  are  frequently  fumii^ed  with  Uie  modified  scales 
&  fulcra. 

[krablc  diversity  of  view  has  prevailed  as  to  the  clasMfiratiun 

ds ;  but  the  system  of  Dr  rraquair.  who  lias  paid  especial 

to  the  structure  of  the  order,  a  adopted  in  this  work. 

[an)s  their  distribution  in  time,  Ctanoids  first  apfiear  in  the 

nearly  at  the  same  time  as  the  Hlaainobranchs  ;  and  from 

Dtiian  to  the  close  of  the  Mesozoic  they  form  a  verj'  large 

Da  of  the  Fiih-life  of  those  periods     Their  wane,  however, 

to  have  set  in  during  the  Upper  Creiaccou->,  when  ihc 

li  bc^tn  to  be  nuntcrically  strong ;  and  from  that  date  there 

n  a  rapid  decrease  to  the  present  day,  when  we  find  only 

the  suborders  (Amioidca)  rcprescnlcd  by  sevcml   genera  j 

the  other  three  surviving  sutiordcrs  one  is  represented  by 

Bra,  and  each  of  the  other  two  by  a  single  genus — these  four 

Bch  having  a  solitary  »pccics. 

ROCANOID  Srries. — The  first  three  suborders  may  be  con- 
|r  grouped  in  a  sJr^Ie  series,  and  are  mainly  characterised  by 
Secdin^y  low  development,  their  afliniiies  being  still  doubt- 
rofessor  Cope  is  indeed  disposed  to  regard  one  of  these 
n  (Placodemaia)  as  more  nearly  allied  to  the  Tunicata 
other  N'rttchrau  ;  but  this  view  b  scarcely  likely  to  find 
ion  with  the  majority  of  pala!untalogtsts. 
RDER  1.  CEPHALiASPinEA. — The  members  of  this  cxtraor- 
poap  have  the  bead  and  the  anienor  part  of  the  body 
with  a  continuous  shield,  while  the  test  of  the  body  is 
nth  stnall  anguLir  plates  or  scales.  No  traces  uf  an  inner 
\f  lower  jaw,  or  teeth,  liavc  >■«  been  disco\crcd  ;  but  at  lea.<tt 
tcoftid  family  there  was  a  strong  pcciorat  fin  at  the  hinder 
gr  of  the  dorol  shield.  The  latter  has  been  recently  showt* 
nmisbed  with  a  sj-stem  of  sensory  canals.  This  (roup  is 
I  to  the  Silurian  and  Lto-onian  ;  and  it  is  suggested  by  Pro- 
[uxley  that  it  may  be  allied  to  the  Acipenscroidca. 
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Familv  Pteraspidid*. — The  entire  body  in  this  familj  u 
known  i  but  tbe  dorsal  shield  (figii.  SS6,  887)  i.t  usually  com^ 
of  screral  pieces  united  together,  and  has  its  borders  thickened . 


FiK    St&~)intwrftcl   dond 
kU  of    C/ai*>Hi  ■     -     ■  - 
troai    the   Silurlao 


itittl 


uriao    d  Ijidlow. 
(AfW  Murabuwu) 


PttratfU  miml* ;  rroai  *• 
Low«r  Ikevonian  of  K«refcic4. 
Rodiwtd.     (ATiet  Unlualcr.) 


bent,  and  in  structure  approaches  the  scaIcs  of  Teleostean  Fuhes. 
It  has  a.  median  posterior  spine,  and  sometimes  small  lateral  cornui. 
There  is  atso  a  small  shield  on  the  ventral  aspect  of  the  lull, 
which,  like  the  dorsal  one,  is  marked  hy  fine  striations.  In  tbe 
type  genus  Pkrasfiis,  the  dorsal  shield  {fig.  887)  is  shaped  like 
an  arrow-hcad,  and  composed  nf  smrn  pieces  ;  while  in  Qm/iJ- 
aspis  {fig.  886)  it  is  oval,  composed  of  only  four  cleracnu,  and  ha* 
the  posterior  itpiiie  very  short     ScafhasfU  has  been  founded  on 


fig.  an.— Reduced  tvtart,v]aiai)C  Fttrmoit' 


remains  belonging  to  these  two  genera,  which  are  found  in  both 
the  Silurian  and  Devonian  ;  the  simple  shields  described  under  this 
name  having  apparently  been  placed  \-cnlrally  beneath  the  cnoie 
complex  ones,  on  the  evidence  of  which  the  other  genera  were 
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Helttspis,  from  the  I-owet  Devonian  of  North  Wales,  is 
[datmguubed  by  the  doruJ  shield,  coiuJsting  of  only  a  single 
[cknenL     Figore  S8S  ts  an  attempt  10  restore  the  form  of  the  type 

Fxmir  CtM*ALASPlDlD«. — Thf  Ccphalaspidts  are  regarded  Iiy 
WW  •rtere  a*  belonging  10  the  PttraspUiJa,  while  by  Professor 
Zaid  ibey  are  placed  in  a  distinct  suliordcr.  The  dorsal  cephalic 
;  ilatid  (^  889)  consists  of  one  or  two  pieces,  and  usually  has  more 
'  Of  k»  developed  lateral  comun.  with  a  regularly  eurvcd  and  flat 
lonr  border — the  eyes  being  situated  near  the  middle  ;  in  structure 
it  rexmbles  true  borte.  The  body  i:t  covered  with  bony  plates,  and 
the  caudal  (in  is  heterocercal.     The  tj-pical  genus  Ctphalaspis  (figs. 


AboM  aecililR]  nuont  lu*.    <Afl<r  LMibetUi.) 

1^9,  890)  has  (he  cephalic  shield  single,  and  may  be  divided  into 
ihr  Enttpkatasfiitifu  and  tJemictphataspidim  groups,  according  10 
Ihe  d^m  of  development  of  llic  cornua.  It  occurs  in  the  Si- 
bill)  aod  the  Devonian  of  Briuin,  and  has  also  been  obtained 


Txz.tvf-iimattvtntiCtplmtmfitLyHU.    (AAcrfajtcl 


fifooi  the  Silurian  of  Bohemia  and  the  Devonian  of  Canada.  Xen- 
atfit,  from  ibe  same  English  furmatiunN,  in  dLstiiigiii»hed  by  the 
presence  oC  one  or  more  quadrangular  dorsal  plates  behind  the 
head  ;  vrhtlc:  Anchemaspis,  of  the  Kuroi>can  Silurian,  has  ihc  cephalic 
shield  transversely  divided.  Didymaspis,  from  ihc  same  formation, 
agrees  with  the  latter  in  its  double  cephalic  shield,  which  is,  how- 
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ever,  unprovided  with  comua ;  while  other  genera  are  7%yesles  uA 
Tremataspis,  from  the  Silurian  of  Russia. 

Suborder  2.  Placx)dermata. — This  suborder  is  mainly  dot- 
acteristic  of  the  Devonian,  although  represented  also  in  the  Siluriai, 
and  lingering  on  till  the  Permian.     It  is  characterised  by  the  out 
laginous  vertebral  column,  and  the  at- 
closure  of  the  head  and  the  anterior  pot 
of  the  body  in  bony  plates,  which  ait 
covered  with  a  radiate  or  granular  sculp- 
ture;   the    tail   being    eiUier    naked  or 
clothed  with  scales.     There  is  a  distinct 
mandible ;  teeth  are  frequently  present ; 
and  there  may  be  a  jointed  pectoral  fin 
enclosed  in  a  bony  covering  like  that  of 
the  body,  but  pelvic  fins  are  invariably 
absent 

Family  Asterolepidid*.  —  In  the 
typical  family  the  head  (figs.  891,  S9*) 
is  rounded  anterioriy,  and  covered  with  a 
number  of  small  thin  plates ;  while  the 
body  is  sub<|uadrangular  and  invested 
with  larger  plates,  some  of  which  are 
median  and  others  paired ;  and  the  tail 
may  either  be  covered  with  much  smalla 
scales  or  naked.  There  is  a  well-devel- 
oped pectoral  limb,  which  articulates  with 
the  anterior  ventro-lateral  plate ;  although 
it  was  long  thought  to  articulate  in  some 
forms  to  a  separate  thoracic  plate.  The  type  genus  Astervl^, 
which  occurs  both  in  Russia  and  Scotland,  is  characterised,  accord- 
ing to  Dr  Traquair,  by  the  anterior  median  dorsal  plate  overlapping 
both  the  anterior  and  the  posterior  dorso-laterals,  and  by  the  some- 
what depressed  body.  In  Pterichihys  (figs.  892,  893),  on  the  other 
hand,  the  median  dorsal  plate,  while  overlapping  the  anterior  dor- 
so-laterals, is  itself  overlapped  by  the  posterior  dorso-laterals,  and 
the  body  is  much  more  elevated.  This  genus  has  been  recorded 
from  Scotland  and  the  Eifel,  and  probably  also  occurs  in  Russia. 
Detached  pectoral  fins  of  these  genera  have  been  described 
under  several  names,  and  were  at  one  time  regarded  as  ichthyo- 
dorulites. 

The  genus  BotkrioUpts,  from  the  Devonian  of  Europe  and 
Canada,  is  distinguished  by  the  different  contour  of  the  cephalic 
plates,  and  of  the  grooves  of  the  lateral  line  system  by  which  they 
are  marked,  as  well  as  by  the  shorter  limbs.  No  traces  of  the  scaly 
tail  have  been  observed  in  any  of  the  known  specimens,  although 


Fig,  B91. — Reduced  restoration 
of  the  domal  aspixt  of  Atltreltpii 
entala ;  from  ihe  Dsvooian  of 
Ru«ia.  llie  tail  ii  mlor«d  from 
PUriehthfi.    (After  Pander.) 
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Dr  Traquair  considers  that  this  appendage  was  probably  present. 
Some  of  the  species  attained  very  large  dimensions. 


Ft-S^.— Redocol  rulontton  of  ihe  dona!  (i)  miid<icnmt{a)ii3pecttof  P/rrititiftciimiittit, 
nkiit  icDipturv  ocnilivd^  from  the  DcvoniAn  of  Scotland-  The  ihin  block  line*  indicate  the 
cEQOiikd  ed^o  of  ibe  overlapped  plates,  and  the  double  dotted  linc«  the  sroovev  of  the  lateral 
WiyitoB.  m.KC,  Median  occipilaJ  plale;  i.tcc,  Laleial  do.  :  af,  Angulac  plate;  /r.M,  Post- 
■odUa  do, :  p'9m,  Prvmedian  do. ;  /,  Lateral  do. :  /-/,  Extra-lateral  do. ;  mn^  .Mci^tal  du.  ;  sA, 
ScBilaur  do.  ;  n-m^ii,  Anlcrior  median  dorsal  do.  :  fi.7H.Jy  Posterior  do.  do,  ;  a.ti-i^  Anterior 
tEv^laicra]  do,  ;  f-d  i,  Pfnieriordo-  do, ;  n.r',/.  Anterior  ventro-Urera!  do.  :  fi.T.f,  Posterior  do. 
^:  m.T.  .Median  ventral  do- ;  ar.  Articular  plate  of  limb  ;  a,  AiKoncal  of  do.  ;  c.  Central  of  do.  ; 
■.  yirginal  of  do.     (After  I'raquair.) 

SfUrohraehius,  of  the  Scottish  Devonian,  is  an  alhed  form  distin- 
guished by  the  smaller  size  of  the  pectoral  hmb  ;  in  this  form  also 


Fij.  Bgj.  — Reduced  left  lateral  aspect  of /'/rriV*;*i'«  eomulut;  from  ihc  Devonian  of 
Scotland.     Lctien  a>  in  the  preceding  figure,     (After  Traquait-) 

10  caudal  scales  have  been  observed.     The  length  of  the  head  and 
arapace  in  the  one  known  species  is  one  and  a  quarter  inches. 
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Family  Coccosteid.e. — The  genus  Coeeosteta  differs  so  maikedy 
from  the  members  of  the  preceding  family  that  Dr  Traquair  has  iti|^ 

gested  that  it  should  form  the  Qrpe 
of  a  distinct  suborder.  The  bead 
has  distinct  bones  and  [dates  difia<- 
ing  markedly  in  their 
from  those  of  the  preceding 
but  their  structure  has  otdjr 
cently  been  rightly  explained  (fi( 
894).  In  the  restoration  given 
by  Agassiz  (fig.  895),  although  the 
arrangement  of  the  posterior  plata 
is  fairly  correct,  yet  anteriorly  the 
grooves  of  the  lateral  line  woe 
mistaken  for  sutures;  whUe  the 
ethmoidal  bones  at  the  muzde 
and  the  orbital  notches  are  omk- 
ted.  An  approximation  to  a  cn- 
rect  restoration  of  the  lateral  aspect 
is  shown  in  fig.  896,  but  the  mouth  is  made  too  long.  The  caia- 
pace,  or  body-shield,  consists  of  a  long  shield-shaped  middle  doisal 
plate,  flanked  by  lateral  plates,  and  completed  by  a  median  ventnl 
plate.  The  posterior  half  of  the  body  is  totally  unprotected,  but 
tnterspinous  bones  in  the  vertebral  column  support  an  anal  and  > 


AAHCI 

Coccotttut  dtcipitntl  from  the  Devonun  of 
Scoiiand,  at.  Ethmoidal,  with  naret  of 
either  side;  f.m.x,  PremJuilU ;  /.a,  Preor- 
biial,  emernal  to  which  i>  the  orbii ;  pl.o, 
PoctorlHtall  f,  Ccntnl,  m,  Murgitm],  n, 
Midiile  occipital ;  i.h,  Luna]  do.  (After 
Traquair.) 


Fig.  995.— Donal  view  of  Cttceittnt  dtcifitnt,  u  rotored  by  Aeuui.  In  the  anuiw  pan 
of  the  head  the  eihmoiil4  and  orbiii  have  bevn  omiticdT  and  the  black  iinci  moatly  indicaic  ibc 
grooves  oflhe  lateral  line  tytlem,  and  not  lulureh  The  ihield-ihaped  plale  inmedialcly  bifaiiid 
the  skull  ii  the  middle  dorul,  in  advance  of  which  ii  the  middle  occipit^  of  the  aknU. 

dorsal  fin.  There  appears  to  have  been  no  pectoral  fin,  although 
certain  forms  which  have  been  generically  or  subgenerically  separ- 
ated as  Brackydirus  have  been  represented  with  such  an  appendage. 
Both  this  and  the  next  genus  are  characteristic  of  the  Devonian, 
Coccosteus  being  common  to  Europe  and  Canada.  The  allied  Homos- 
teui  includes  gigantic  forms  from  Scotland  and  the  Eifel,  readily 
distinguished  by  the  form  of  the  cranial  and  body  plates.  Thus 
the  middle  occipital  plate  is  longer  and  narrower,  and  the  middle 
dorsal  wider  than  long,  and  not  pointed  behind.     Professor  Huxley 
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jcooparo  the  anoour  of  the  Coccostcans  to  that  of  the  Siluroid 
T*fcoitc«n*;    while   Ncwbcny  and    Pander   compare   the  ventral 
with  the  [jlaslTon  of  the  Chclania  and  l-ihyrintIio<Ioniia,  with 


'••tiante 


«(Wi> 


■y^- 
-i;^^' 


tnd  mouch  ue  insda  coo  [one- 


vtiich.  hoirever,  they  also  compare  the  true  pectoral  girdle  of  the 
SMTOpter^'gia.     The  nature  of  the  dentition  is  unknown. 

Faulv  t>ixicirrHYtD«. — The  genus  DinicMthys,  from  the  Dc- 
noiui  (Horonian)  of  North  America,  may  probably  I»e  regarded  as 
Innning  the  type  oT  a  family  allied  to  the  preceding.  In  this  genus, 
fJ  which  the  type  species  has  an  cslimBtcd  length  of  from  15  to  18 
Im,  the  dentition  (fig.  897)  is  remarkably  like  that  of  the  Dipnoid 


f^fcf. — DUpBinna^anleriM  wpKioTikK  i«<n  of  Z>ffi*fl/4H  llt-tfi;  Irani  lb* 
CWMiiBa  tf  Konk  fltiln     OneonlAh  oatunJ  iLk.    (Afltr  Newbury.) 

|BBB  Prota^nii,  from  which  Dr  Tiaquair  concludes  that  there 
m  probably  a  close  conrwction  between  the  present  group  and  the 
Kpooi.  Other  gigantic  fcoms  more  and  less  closely  allied  to  the 
tfpc  genus  are  Titamtktkys,  Liognafhus,  and  Diplopiathus,  from  the 
Oeronian  of  Ohio;  while  lypodtts,  from  the  same  formation  in  the 
EifiK,  may  perhaps  belong  to  this  ^mily. 

Ai  Placodcrmata,  of  which  the  serial  position  is  uncertain,  may 
be  mentioned  Mcnasfris,  from  the  Pemiian  of  (!t:nnany;  Atanih- 
Mtfiis,  Atantht>!epis,  and  Aspidkkthyi,  from  the  Devonian  of  Ohio ; 
fiugea^mtAut  and  Lecracanthm,  from  the  Carboniferous  of  Iowa ; 
SkAMMmihu  and  Pk&deraiantkus,  from  the  corresponding  fornia- 
tioa  of  IreUnd  and  Belgium  ;  and  AtwrnatUhtkys,  from  the  Devonian 
of  Germany. 

SuBOROBlL  3.  AcAKTHODEA. — Thc  last  gfoup  of  thc  Proganoids 
ife  abo  PatKOioic,  ar>d  ranges  from  ihc  Devonian  to  thc  Permian, 
altboi^  it  is  not  improbable  th.at  some  of  the  genera,  founded  upon 
rhich  arc  noticed  under  the  ELisraobranchci,  iliould  be 
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placed  in  it  The  Acanthodeans  appear  to  be  in  some 
intermediate  between  the  Ganoids  and  Elasmobranchs,  and 
perhaps  constitute  an  order  by  themselves.  They  have  the 
which  is  more  or  less  elongated  and  compressed,  covered  »ift1 
shagreen-like  scales,  and  with  the  lateral  line  running  between  tvoj 
rows  of  such  scales.  The  tail  is  heterocercal ;  and  the  fins  hnc  [ 
strong  spines,  which,  except  in  the  pectorals,  are  merely  insertei) 
between  the  muscles.  There  is  considerable  doubt  as  to  the  pi»  ] 
ence  of  cranial  bones  or  of  a  gill-cover ;  but  there  is  a  ring  of  bono 
round  the  orbit  The  vertebral  column  is  cartilaginous,  and  teedi 
are  either  wanting  or  are  very  minute  and  sharp.  \ 

In  their  cartilaginous  skeleton,  the  not  improbable  absence  <rf  lo 
operculum,  the  structure  of  the  scales  and  position  of  the  latoJ 
line,  as  well  as  in  the  spines  of  the  median  fins,  the  Acanthodo 
approach  the  Elasmobranchei ;  but  the  articulation  of  the  pectoid 
fin-spine  to  the  pectoral  girdle  is  a  character  of  the  Teleostean  ^- 
lurida,  while  the  orbital  ring  is  a  character  of  the  higher  Ganoids  Kkc 
the  falaoniscida. 

Family  Acanthodid^e. — All  the  genera  may  be  provisionallf 


Fig.  I9B. — AcoHlheJtti  from  ihc  Permian  of  Europe.    (Afiei  Kner  and  Rocnwr.) 


included  in  a  single  family,  of  which  the  type  genus  AattUkodes  (fig. 
898),  as  now  restricted,  ranges  from  the  Carboniferous  to  the  Per- 
mian of  Britain  and  the  Continent.  The  head  is  very  short  and 
blunt,  and  there  is  but  a  single  dorsal  fin  placed  immediately  above 
the  anal,  while  it  is  thought  that  teeth  were  absent  Mesacanthus, 
of  the  Scottish  Devonian,  includes  small  fishes  distinguished  from 
the  last  genus  by  the  presence  of  an  intermediate  pair  of  small 
spines  between  the  pectoral  and  pelvic  fins;  it  is  represented  in 
the  Devonian  of  Canada.  Closely  allied  is  AcantkodopsiSy  from 
the  Carboniferous  of  Northumberland,  in  which  there  were  numer- 
ous minute  teeth  \  while  Chiraeantkus  (fig.  899,  i),  of  the  Scottish 
De\'0nian,  is  distinguished  by  the  dorsal  fin  being  placed  in  advance 
of  the  anal.  In  Dtplamnthus  (fig.  900)  there  are  two  dorsal  fins, 
of  which  the  second  is  placed  above  the  ana! ;  each  pectoral  fin 
has  two  spines ;  while  there  are  minute  spines  between  the  pectoral 
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pelvic   fins,  and   ihc  yx»i%  are  furnisSed  mth  small  coiiica] 
This    genu«   is    represeiiied    by   several    species    in    the 
aiin  of  ScoOuhI,  and  not  imprubably  aLso  occuis   in    thai 
^ Canada.      JUka^Haaini/itu,   from    [hi;  Scottish    Cirbonifciousi, 


^ 


-^ 


k— I,  CUraMMIiju  jVKFT*iMHit:  t.CUiHAHu*  tntlgtr :  3,  iKJaattiUkla  ftttJli  i 
from  i^  EkevMilanoTScbdud.     Redund. 

nro  in  pbce  of  Tour  pectoral  spines;  while  in  /sfhnaMHfhus 
g.  899.  3).  of  the  same  depovtts,  the  small  intermediate  sjiinc^i 
K  nnting,  althovigh  the>'  arc  introduced  in  the  figure-  Allied 
lo  ihc  bst  are  Eu/fuKaHlfsas  and  Parexks,  from  the  Scottish  De- 
nun,  the  fonner  having  the  second  dorsal  in  advance  of  the  anal 


\-x. 


r^  «■»  —IN*!aiMUkmi  if<iu%i :  hom  ilw  P^vonun  of  ScuHand     /,  ]'«CMrjil ;  v.  VtiiU^ ; 
«.Anl;L,  CMiikli  ^t,^rimHvdHO»lil<><ml<n>.     KvdiMtd. 

fin.     Fuudlyi  the  genus  Oimalius  {fig.  899,  a)  includes  three  small 

I  fiabc9  froni  the  last-named  formation  characterised  by  the  short  fin- 

*pincs  and  the  presence  of  a  scries  of  accessory  spines  between  the 

pectoral  and  pelvic  fins.     There  aic  two  dorsal  fins,  of  which  the 

VOL.  II.  r 
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second  is  behind  the  anal,  the  figure  being  incorrect  in  the 
respect  Fin-spines  from  the  Devonian  of  Canada,  describ 
Oenacantkus  and  Homacanthus,  are  referred  by  Mr  Woodwi 
Climatius. 

IncertjE  Sedis. — Here  may  be  noticed  the  family  Tam 
proposed  by  Dr  Traquair  for  the  imperfectly  known  genus  Tan 
from  the  Scottish  Carboniferous,  which  is  regarded  as  indicati 
aberrant  type. 

B.  EuGANoiD  Series. — The  remaining  members  of  the 
include  its  typical  representatives,  and  may  be  collectively  I 
as  the  Euganoid  series  or  the  Ganoidei  Veri. 

Suborder  4.  Crossopterygea. — In  this  group  the  pectora 
sometimes  the  pelvic,  iins  consist  of  a  central  lobe  surroundet 
fringe ;  there  is  an  infraclavicular  in  the  pectoral  girdle ;  the  i 
the  dorsal  and  anal  fins  are  often  more  numerous  than  the  su 
ing  interspinous  bones ;  the  preopercular  extends  forwards  ( 
cheek ;  branchjostegal  rays  are  replaced  by  jugular  plates ;  t1 
velopment  of  the  vertebral  column  varies ;  the  tail  may  be 
diphy-  or  heterocercal,  and  the  scales  cycloidal  or  rhomboidal 
suborder  is  the  most  primitive  of  the  true  Ganoids,  among 
it  holds  a  position  somewhat  analogous  to  that  occupied  I 
Ichthyotomi  in  the  Elasmobranchei. 

Family  Holoptychiid*. — In  the  type  family  the  pector 
are  acutely,  and  the  pelvic  subacutely,  lobate ;  the  skeleton 
former,  according  to  Dr  Traquair,  being  a  biserial  archipter 
like  that  of  Ceratodus.  The  teeth  are  of  the  so-called  dtnd 
type,  the  dentine  of  the  base  being  in 
in  an  extremely  complex  manner,  with 
branchings  which  form  an  intricate  n< 
within  the  crown.  The  scales  are  eye 
thick,  and  sculptured ;  and  there  ai 
dorsal  fins,  and  a  heterocercal  tail  in 
the  inferior  rays  are  much  longer  th 
superior.  Before  noticing  the  tjrpical 
we  may  briefly  mention  the  genus  Onyi 
from  the  Devonian  of  North  Amerit 
diii%^Bidei:  from  thToe-  Europc,  which  Dr  Newberry  considei 
(AftwNcwb.^")'  *"'™'  be  allied  to  this  family.  The  scale 
901)  have  distinct  ridges,  and  the  ma 
has  a  presymphysial  production  furnished  with  teeth  arranged 
what  like  an  old-fashioned  cavalry  spur.  The  type  genus 
ptychius  (fig.  902)  comprises  fishes,  which  are  often  of  larg 
from  the  Devonian  of  Europe  and  North  America.  The  two 
fins  are  placed  in  the  hinder  part  of  the  body  directly  over  tl 
vie  and  anal.     We  may  probably  place  here  the  imperfectly  1 
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.^larrptaihvs,  fram  the  Devomsn  of  ScoUatuI  and  Ruuia ;  It&dut, 
of  The  Irish  Caibonircrom ;  and  PtpiorktHa,  from  the  Trias  of 
11;h!i-«4,  In  ClyptflejHf  (fig.  903Xfi'<>in  the  European  and  Canndian 
I  V>  onion,  we  have  a  wdl-knuwn  form  in  which  the  dorsal  tins 
-irrtl  more  anteriorly  than  in  HoJopfychms,  wliile  [he  anal  is 
■A  bdow  tbe  6nt  dorsal,  and  the  pelvic  arc  consequently  much 


■  uJuLuJ.    Thtdon*!  and  wul  flm  ibwU  b*  BOn  ftantA. 

led  to  the  pectoral  fins.     PkylhlepU,   rounded  on 

scales  which  arc  someiinnes  smooth,  from  the  Devonian 

1  Carboniferous  of  Scotland,  should  probably  be  included  in  this 

in  which   Dr  Traqualr  also  places  the  imperfocily  known 

DfdrvAit,  q(  the  IJcvoniao  of  Russia  and  Scotland.     The 

of  the  laiter  carry  a  small  row  of  marginal  teeth  of  conical 

rhile  in  ihe  mandible  there  is  a  second  row  of  much  larger 

■Hlce  teeth,  each  of  which  has  a  distinct  soclccL     Thcw  leclh 


(AlWr  Kuky.) 

somewhat  compressed,  with  trenchant  foreand-aft  edges,  and 
have  the  internal  structure  already  noticed,  CtrtenoduSt  of  the 
Brkoh  Carboniferous,  and  Sigmcdux,  of  the  Upper  Paleozoic  of 
nonbem  India,  should  perhaps  find  a  place  in  this  family. 

Familt  RiiizoDOXTiii*. — In  the  Rhizodonts  the  pectoral  fins 
are  subacutcly  or  obtusely  lobate,  the  pelvic  pair  being  usually  non- 


I 
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lob«te ;  while  iheir  internal  skeleton  forms  a  shortened  tu^ 
ftrchipierj-gium.     Ttic  teeth  are  Inbyrinthodont  in  structure,  !■ 
the  complex  internal  network  found  in  the  preceding  family, 
scales  are  cyclotdal  and  sculptured  ;  the  median  6ns  are  numei 
the  same  as  in  Hohpt)ic!uus  ;  Init  the  tail  ap 
mates  lo  the  truly  diphycercal  type.     The 
jaw  has  an  inner  scries  of  tuiik-likc  teeth 
905).      As  an  imperfectly  knon-n   foim  we 
first  mention    CricoJus  {Po/yp/ocoditt)   froR 
European  llevonian.     In  the  well-knowm  \ 
ckopttrnst  of  the  Scottish  Devonian,  the  be 
much  elongated,  the  tail  distinctly  heteroc 
the  posterior  fins  are  placed  near  the  tail 
opercular    bancs    are    unusually    large.    an( 
ecalcs  thin  and  striated.      An  apjMrently 
form  is  Eusthtnopterau  of  the  Dc\'onian  of 
ada,  in  which  the  vertebral  centra  appear  to 
been  unossificd,  while  there  arc  slight  difler 
in  the  interspinous  hones,  tail,  and  teeth, 
cording  to  the  views  of  DrTraquair,  Gjnvfit^ 
(fij;.   904),   from    the    Devonian   of  Scotlar 
allied   to    Tnstufu'pttrtUy   having  scales  0 
same  general  type  (although  some  of  thea 
formerly  thought  to  be  rhumboidal)i  but  a 
rhombuidal  tail,  and  the  exposed  poitioa  1 
scales   relatively  larger.      From  the  Cartx 
ous  of  both  Europe  and  North  .\merica  wi 
the  type  genus  JihiioJus  {MegtUitAiAyj  in 
of  which  the  typical  sjtccics  attained  a  very 
si^e.    The  larger  teeth  (tig.  905),  on  the  evi 
of  which  the  genus  was  onginally  founded 
the  upper  half  of  the  crown  smooth,  whi 
lower  half  is  longiliidinalty  fluted.     The  tc 
t.trt;e  individuals  (which   may  attain  a  len 
nine   feet)  are  nearly  two  inches  in  heigh 
Jihis'^d/'psit,   of  the   same   deposits,  the  ■ 
Iwncs  form  a  well-developed  :^cld  on  the 
rior  surface  resembling  that  of  the  Ositoie^ 
although  the  mandible  agrees  tn  general  str 
with  that  of  Jifiizodus,  and  consists  of  an 
angular,  and  dcaiary  elements  ;  the  latter 
n  series  of  ittfra-deniary  pieces  on  its  inn* 
which  carry  the  targe  lusk-ltkc  teeth,    'i'he  inferior  space  bctwc 
mandibular  rami  is  occupied  by  a  series  of  jugular  plates,  of 
there  is  a  large  median  pair,  together  with  a  i^niall  unpaired  a 


''l'Z''.-ti'-'''[.- 


•"■S'  904.  —Cyrrpif 
<Aitu  a/tciltri  I  frocD 
llii  Dtvficiuui  of  ficoc- 
lud.  RwlucsL  (ATin 
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,  md  a  row  of  small  lateral  onc3  on  cither  side.     In  the  craniuin 
■t  striking  feature  is  the  anterior  position  of  the  orbit,  which 
I  three  Urge  suborbital  bottes  behind  it.     Other  more  impcrfcctlj' 


-d. 


""yM-ui 


.  >»»■— A  iMiOwli  r  nmmt  ^JtAjtnliu  /Irttni:  (VmathcCwboolfcroatorSimUixI. 
iUduod. 


genera  of  this  family  from  the  European  Carhonifcrous  are 
MyeAiut,  Slrt^sodus,  Khomboptyihius,  and  Ari-hichlhys. 
PajauTOsTEOLEPiDm^r.  (Rhourodivtebid^.). — In  this  family  the 
hsve  the  same  general  structure  as  in  the  preceding  ;  hut  the 
lolei  are  of  the  rhombotdal  form  typical  of  the  order.  There  are 
a  numler  of  bteral  jagular  plates ;  the  teeth  are  numerous  and 
ihuply-pointed ;  and    the  0!»ificution  of  the  vertebral  column  is 


FkE.  gafc  ^F*ifptttia  tkkirl  ftta  ib*  Uh"'  KUc  «,  OiUMMii  mttnlttidUtu;  nam 
*»DiiMib««fKtiM».  (AJWPtadv.)  BMb  Iwiw  mtunJ.  ■.  Ptciotvl ;  ^  P^ric ;  <.  Anal  I 
i,  f,  Donal  tat,    la  th«  l«irw  tew*  ila  iar^  Cm  ibonld  be  ulai.'a]  aion  in  advuicc  ol  [be 

■npcrfcct.  The  family  is  divided  into  two  subfamilies;  the  first, 
QtftwErjhV/tM  {SaurodifiUrini)  being  characterised  by  the  smooth 
Kales,  and  presence  of  a  median  jugular  plate.  'I'hc  type  genus 
OstwUpis  (fig.  906,  b)  has  a  long  and  slender  body,  with  the  two 
dwsaU  ptaced  respectively  in  advance  of  the  pelvic  and  anal  fins. 
The  mM  tpecie>  u  of  considerable  size.     In  Ihe  allied  Thurtim,  of 
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which  an  immature  indnidtial  is  shown  in  fig.  907,  il 

placed  iiiimedi.iifly  over  llic  pelvic  and  ann)  fiiis.    Boitj 

in  the  Devontnn  of  Scolhiid  and  Russix    Closely  allied  is  the  | 

Difhptents,  from  the  Scottish  Carlioniferous,  in  which  the 

fins  arc  also  situ.itccl   posteriorly,  iht  first  bein^  directly  mtil 

pcU-ic.    Mcgalichtkys,  from  the  same  dcpoaitii,  comprises  two  . 

of  large  siice ;  and  is  characterised  by  the  presence  of  large  fulai 

at  the  roots  of  the  pectoral,  pelvic,  and  anal  fins ;  and  also  b;  tic 


St 


di 


i'o, 


Fit-  $07.— A  ytiout  Walivitlul  tl  Tkuniti  mtinrbfUtfia:  fion  it*  I>fK>niiui  (tfScMlBi 
Lcllenuinnt- two.    Keduoed.    (ATtu  StdEwidi  and  Murcbhoo.) 

small  ivic  of  the  anterior  dorsal  fin,  which  is  placed  above  ili> 
pelvic  fin.  Edosttorhaehis,  from  tl>e  Permian  of  North  Ainenc% 
is  nearly  related,  and  appears  to  be  the  last  survivor  of  the  fai&ilf 
The  second  subfamily,  or  Ghptohcmina,  iu  represented  only  by  I 
genera  Glyptolamut  (lij^.  90*)  and  Glyptopomm,  of  the 
Devonian ;  and  differs  from  the  last  by  tlic  sculptured  scales, 
the  absence  of  a  middle  jugular  plate.  Tlie  body  is  much  do* 
gated  ;  there  is  a  long  interval  between  the  pectoral  and  tbe  poatoiff 


rig.  ^f£.^^{ftttlmm»a  A'iimainti :  fnun  ilir  P(vnni:in  of  Soxlind.    Keduocd.    x.  Sola. 

(ins ;  and  the  tail  is  truly  diphyccrcal ;  each  genus  is  represented 
by  a  single  species. 

Familv  C(el\canthid«. — With  this  family  we  come  upon  1 
group  of  fishes  not  occurring  in  the  older  Palaeozoic,  bat  extrnding 
from  the  Carboniferous  lo  the  Upper  Cretaceous,  and  thus  affording 
a  link  between  the  preceding  extinct  and  the  following  cxi&ting 
family,  The  vcrlcbral  column  is  unossified;  there  are  two  dor^ 
fins,  each  of  which  is  supported  by  n  single  forked  intcrspinous 
bone ;  the  pectoral  fins  are  obtusely  lobate ;  the  caudal  fin  is  un- 
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f;  iMge,  and  completely   diphjcercal ;   ihe   swim-bladdcr  u 

ied  a«d  die  wales  arc  cycloidal.     The  members  of  this  family 

^  ki^Kt  cbanKtemed  by  the  full  development  of  the  cranuil 

I,-  uid  the  airaogeineM  of  the  ouifications  in  the  orbil  .ip> 


^ 


^/^ 


C^ 


I  ^UaJittm  ttmtdiltta  :  (ron  Ihc  KiriMtiilciui  <•!  naiatu^  onc-ruiuth 

whes  that  found  in  the   Labyrinlliodoniia.     The   type  genus 
'JaiiimtAlu  ranges  from  the  CarbonifeiDus  of  Euiopc  und  Xurth 
Berica  to  the  Upper  Trias  of  the  fonncr  area,  and  is  well  charac- 
bed  by  the  great  ihkkncss  of  iu  scales. 
More  or  lest  nearly  allied  arc  Difiurns  from  tlie  Trias  of  New 


^^; 


-s^-; 


$»«.— SUctM  J  U*ertf*wt*  MnaufK:  fram  itic  Chalk  of  SuM«i.    Radund. 

Grvfkaints  from  the  IJpptr  Tria^  of  Camiola,  and  Ut/lti- 

*a  ranging  from  the  Middle  Trias  lo  ihc  Upper  Jurawic  of  the 

ttincnt.     In  Vndina  (fig.  909)  the  expo&cd  parts  of  the  stales 

marked  by  ridges,  n!>iiig  in  some  parts  into  spine^t,  and  the 
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rays  of  the  dorsal  and  caudal  fins  are  divided  and  furnished 
spines.      In  the  English   Liasstc  Hohphagus  the  spines  oo 
scales  are  more  numerous,  while  in  Libyi,  from  the  Ki: 
of  Bavaria,  they  are  less  numerous,  the  division  of  the  fi: 
extends  more  deeply  than  in  Undina,  and  the  dorsal  and 
scales  have  a  row  of  tubercles.     Coceoderma,  from  the  Kim< 
of  Europe,  is  allied  to  the  last.      Finally,  MacropoMa  (fig. 
from  the  Chalk,  comprises  several  lai^e  species  readily  characteised 
by  the  notochord  not  extending  to  the  extremity  of  the  tail 

Family  Polvpterid*. — The  last  family  of  the  suborder  is  knon 
only  by  the  existing  African  genera  Polypterus  (fig.  906,  a)  and 
Calamoiehthys,  each  of  which  is  represented  by  a  single  specici 
I'he  vertebral  column  is  ossified ;  the  dorsal  fin  broken  up  into  1 
number  of  small  finlets  \  the  pectorals  are  obtusely  lobate ;  die 
caudal  fin  is  diphycercal,  with  a  very  short  body-axis ;  and  the  scak> 
are  rhomboidal.  I 

Suborder  5.  Acipenseroidea. — According  to  the  views  of  Dt  ■■ 
Traquair,  the  Acipenseroids,  represented  typically  by  the  Sturgeon 
and  their  allies,  and  forming  the  Chondrostet  of  many  authori^  Vt 
also  taken  to  include  the  Heterocerci,  as  represented  by  the  extinct 
Palmoniscida.  The  following  are  some  of  the  leading  features  of 
the  group  as  thus  defined.  The  paired  fins  are  non-lobate;  tbe 
pectoral  girdle,  which  in  the  typical  forms  retains  its  primitive 
endoskeletal  cartilages,  develops  dermal  bones,  among  whidi  the 
infraclavicular  (fig.  913)  is  characteristic;  the  dermal  rays  of  the 
dorsal  and  anal  fins  are  more  numerous  than  their  supporting  carti- 
lages, or  interspinals,  of  the  endoskeleton ;  while  in  the  paired  fins 
these  dermal  rays  have  to  a  great  extent  replaced  the  original  carti- 
lages. In  the  skull  the  cartilaginous  cranium  persists  in  the  typical 
forms,  but  in  all  cases  it  is  overlain  by  a  series  of  dermal  bones ;  the 
preopercular,  when  present,  tends  to  extend  on  to  the  cheek ;  bian- 
chiostegal  rays  are  generally  present ;  but  there  are  never  large 
jugular  plates.  The  notochord  is  persistent,  but  there  are  either 
cartilaginous  or  bony  neural  and  haemal  arches ;  the  tail  is  heteio- 
cercal,  and  the  skin  may  be  either  naked,  or  dotted  over  with  bony 
scutes,  or  covered  with  rhomboidal  scales. 

Mr  Smith  Woodward  remarks  that  the  typical  forms  of  this  sub- 
order constitute  a  link  connecting  the  cartilaginous  Ganoids  with 
these  fishes  in  which  the  bones  are  fully  developed,  and  that  their 
paired  fins  are  more  specialised  than  the  median  ones,  which  have 
not  yet  attained  a  numerical  equality  between  the  fin-ra>-s  and  their 
supporting  interspinals. 

Family  Acipenserid^ — The  well-known  Sturgeons  (fig.  911), 
which  form  the  typical  family,  are  large  fresh-water  fishes,  charac- 
terised by  their  elongated  body,  produced  snout,  toothless  jaire  of 
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Isdult,  the  pre«enoc  of  five  rovs  of  scutes  formed  of  true  bone 
bodft  and  the  sculptured  cranial  bones.  The  repreMntativeit 
cxiKing  genen  An'fienser  (fig.  911)  and  Seapfurhynehm  are 
in  many  of  the  lar^jer  rivers  of  the  NoTthern  Hemisphere, 
rdmcd  to  Aiiffttstr  occur  in  the  l^ndon  Clay,  and  in  some 
Tertiary  beds ;  while  spines  from  the  English  Upper  Eocene 


Ttf^  9*t.— Tlw  SlarivBa  (^cylcmu'r  lAiri*).     Much  ikIuckI. 


the  Pliocene  of  Montpellier  probably  also  liclong  to  the  same 
A  feingle  srute  has  also  been  described  from  the  Miocene 

i^irginta  under  the  same  name;. 

fAMiLY  PoLVODOKTiD-B. — In  this  family,  now  represented  by 
A^vuEm  of  the  Mississippi  and  Psephurm  of  two  rivers  in  China,  the 
lltfai  is  typically  nearly  or  <|uite  naked,  the  mouth  is  oT  enoimous 
width,  and  the  jaws  carry  n^inutc  teeth.  In  a  fossil  state  this  family 
b  Te|«csenuxl  by  Crouopholis,  from  the  Eocene  of  Wyoming,  which 
ditpUys  many  points  of  resemblance  to  Pcfyodon,  but  is  remarkable 
br  ibe  possession  of  »mall  pectinated  scales,  which  arc  nut  confinixl 
lo  Ae  ttpper  lobe  of  the  tail.  The  cranial  bones  are  of  the  type  of 
those  O^  PofyoJan,  but  llie  shorter  rostrum  indicates  a  resemblance  to 
PyfMimtt.  The  scales  are  numerous,  and  are  arranged  in  oblique 
mws,  wbich  are  not  quite  in  con- 
csict  with  one  another.  The  rcien- 
tun  of  the  scales  in  this  gi-nus  in- 
dicates that  wc  have  tu  do  with  a 
moch  less  .■ipccialiscd  member  of 
the  £iinily  than  the  exiting  formi<. 
The  genua  Maavpelaluhtkys,  from 
the  Ttevooian  of  both  North  Aroer- 
ka  and  the  Eifel,  has  frequently 
been  reftrrrcd  10  the  P^yodontiiitt, 
b«I  without  any  sui5cient  evidence, 
nd  it»  serial  position  must  for  the 
pfcscnt  remain  undetermined.  The 
oanium   (fig.  912)  is   short   and 

Ivosul,  with  the  orbits  completely  surrounded  by  bone,  and  the 
middle  line  occupied  anteriorly  by  a  diamoml-shapccJ  ethmoidal 
ihidd,  which  articulates  posteriorly  with  a  process  from  the  squared 
jhield 


(<^ 


Ply.  911  — Dli^rum  ol  Ihe  («irilj!  xpMI 
of  Ihc  •jwiliun  of  Moi'efilalitiii*}!  Haiti' 
ngmi ;  trom  iha  [.iv^f-TLtin  of  North  Arnar- 
KL     MiuJi  rvductt).    {ATitr  Neabcrry.) 
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As  an  Acipenseroid  of  uncertain  position  may  also  be  mcnt 
the  imperfectly  known  Pholidurus^  of  the  English  Chalk — the  I 
of  which  presents  some  resemblance  to  that  of  Pi^hurus.    A I 
fish  from  the  English  Upper  Lias,  named  Gyrvsteus^  is 
also  an  Acipenseroid  agreeing  with  the  type  genus  in  the 
of  teeth,  but  having  a  naked  body.     It  differs  also  consi<i 
from  the  type  of  the  next  family,  and  its  position  must 
uncertain. 

Family  CHONDROSTEiDi£. — This  family  is  formed  for  the 
tion  of  the  one  comparatively  small  fish  constituting  the 
Chondrosteus   from    the   English   Lower  Lias.      According  to 
Traquair,  although  there  is  no  evidence  of  a  long  snout  (fig.  913 
this  genus  resembled  Polyodon  in  the  general  form  of  the  fins,  aolj 
of  the  nearly  naked  body ;  but  in  other  respects — such  as  the  fml 
of  the  cranial  bones  and  the  absence  of  teeth — approaches  Ae^tnm. 
Certain  features  also  appear  to  indicate  distinct  affiruty  with  tbe 


'"■  ••*• 


rf,  Dcnuiry;  mx. 


Pig.  gi3.~rroli1e  view  of  ihe  head  of  Chtndmtm  atiptmereidtil  firom  (be  Lmnr  Um  rf 
iJoiseishirc.  Reduced,  f.  Frontal ;  //,  PcBtfroni«l ;  »,  Parietal :  ly,  Sqiumonl ;  t.l.  Out  d 
ihe  supraiemporaU :  /./,  Pmtlemporal ;  t.cl,  SupraclavicuUr ;   cl,  Claricular;  I'.c^  InfradMC- 


ular:  o».  Opercular;  i.ef,  Subopercubr :  hr,  Branchiosiegali ;  c.i,  CnatoliTal:  u^AnsBla'; 
r.  Maxilla ;  j,  Jugal ;  Km,  Hyomandibular ;  i.a,  SnborbiUiL     (AncrTnqBafe.) 


Palaaniscida  ;  and  since  the  latter  are  evidently  allied  to  the  hig^v 
bony  Ganoids,  Mr  Woodward  suggests  that  they  or  allied  ianta 
may  have  given  origin  to  two  series,  one  of  which  culminated  in  the 
Teleosteans,  while  in  the  other  "  the  only  advance  has  been  in  die 
matter  of  size,  and  this  accompanied  by  a  certain  amount  of  de- 
generation, culminating  in  Acipenseroids  proper." 

Family  Pal^oniscid*. — This  and  the  next  family  constitute  the 
suborder  Heterocerci  of  some  writers.  In  the  present  fomDy  the 
body  is  fusiform,  and  covered  with  rhomboidal  scales ;  the  vertebral 
arches  are  ossified,  but  there  are  no  bony  ribs ;  the  dorsal  fin  is 
single  and  short ;  all  the  fins  have  large  fulcra  at  their  bases ;  ikt 
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booes  are  covered  with  ganoinc,  and  moiitl)'  sculptured  ;  the 
is  large ;  the  first  bnnchiaitegal  ra]rs  foim  jugular  plates ; 
\  h  s  row  of  me^inn  V-shaped  scales  on  the  superior  surface  of 
lity  of  the  bod)r;  and  the  teeth  ore  small,  conical,  or  cytin- 


■A*^' 


tn 


,  I*— Lift  Uml  vin>  trf  Ibc  4l:uU  of  Pairmxumi  miK  rsA-mw  ;  tiain  Ihe  Permian.    A 

;£  Pnntel;  «f^  SquaMowfcl  i  t,t^  !nprat«nifpcr»l :  ^'.  t'<miiempoi^\  ;  t,  EtKmoic! ;  a^, 

■I;  /Kx,  rminIlU :  Bx,  MaiillB;  a,  «,  Ui  Sii)«rliiult .  i/,    I>tii[ary:  i-/,  Ot<r- 

■Aifft  IH»»|i«ii:iiUr :  i^  SubopcrCBUr ;  tr,  Bnn<ht<HU(ali> :  i/,  Llariciilu  ;  ac^  Supra- 

Ik  I  ^A  PMulnnlB  i  k/,  lafiacUricaUti  »r,Oibil.    (Aftci  Traiiuur.) 


il,  and  rarely  plicate  at  the  base  The  chief  characters  of  the 
■  of  the  skull  and  of  the  sccondar}-  pectoral  giidlc  arc  shown  in 
14,  in  which  it  will  be  seen  that  the  preopcrcular  covere  a  por- 
bT  the  face  above  the  large  and  broad  niaxilla.  Pr  Traquair 
mes  that  if  a  Fal.'coniiicid  were  stripped  of  its  scales  and  fur- 
d  with  a  long  snout,  it  would  be  so  like  Polyodon  that  there 
■  be  no  doubt  as  to  their  near  relationship;  and  he  further 
ks  that  the  oitc  row  of  V-shaped  scales  found  on  the  iloraal 
if  the  extremttjr  of  the  body  in  Fdyodon  is  identical  with  the 
kf  scales  occuin-ing  the  same  position  in  Palaoniscus.  This 
to  the  conclusion  that  the  existing  SturgeonB  are  the  sun'ivors 
Erics  of  Ganoids,  now  totally  lost,  which  fomicrly  gave  oif  the 
ymisdia  and  Piatyiomida  as  specialised  branches, 
is  Eajnily  embracer  such  a  targe  number  of  genera,  that  space 
Is  of  but  tittle  more  than  their  )>aie  enumeration.  In  the 
btao  CMrvlefiis,  fournl  both  in  Europe  and  Canada,  the  body 
>der,  and  the  fin$  are  large,  with  the  rays  very  finely  divided  ; 
tf>is  (fig.  915)  of  the  Rothiitfjiendes  {Lower  I'cmiian), 
iins  of  somewhat  similar  structure,  is  distinguished  by 
Uld  EQore  spindle-shaped  body.  CosmopiycHiut,  of  the 
Carboniferous,  is  allied  to  Rhabdoiepis,  but  has  the  anal  fin 
longer  base.  In  the  type  genus  Palaoniseui  (figs.  914,  916) 
y  is  much  elongated,  and  the  tini>  arc  very  small  and  widely 
It  occurs  in  the  Kupfet-ScUtefer  and  Magnesian  Lime- 
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stone  (Middle  Permian)  of  Ccrmany  and  Engbnd  ;  and  one  : 
has  t)Mn  said  to  occur  in  the  English  Trias.     That  species  k,  i 
c\'cr,   now  referred   to   ihc  Dapediidie ;    but  a  true  Paiizomi 
recorded  from  the  Hawlccsburj-  beds  of  New  South  Wales, 
may  be  of  Triassic  age.     The  remaining  better  known  gcnen  I 
Ehnkhtkys,  IVoni  ihe  Carboniferous  of  Europe  and  America ; 


o 


s^' 


rig-  9ii.-~lliatititti4  matrt^ira  ;  from  itia  Low«  P«raiUn  of  Suoey.    KtdMlAi 
(Ahcr  Ac«>li'} 

hpis,  ranging  from  the  Penniaii  to  the  Carbonirerous,  and  perh 
to  the  Pe^-onian,  of  Europe;  Ntmat^fityckius,  Cytlofityihiui,  Min 
odu$,  and  Gonatodus,  from  the  British  Carlionifcrous ;  the 
Amblyptrms,  of  the  <ierman  Permian  ;  ithadiHuhthys,  from  The  I 
boniferous  of  both  Europe  and  North  America;  JEurylefiis,  fioca' 
the  Carboniferous  of  Ohio ;  Hohtrus,  Canabmt,  and  PMaHfrMte«ll^ 
of  the  Scottish  Carboniferous  ;  Pygopltrui,  of  the  German  Permim; 
MyrioUpis,  from  the  Hawkeshury  of  New  South  Wale* ;   UrKthemn, 
from  the  underlying  Newai>tle  group  of  the  latter  country;  Gyrt- 


I'lg.  Bit.-— yj^xmifm  UMmjtwMiu  :  rmin  itie  MMilIc  PcrmUn  of  Cicrnuny.     RadaeaL 

ilir/fcf,  from  the  Middle  Trias  of  the  Continent ;  and  Oxygnathia, 
Cosmfl/eju's,  TJiristoUfis,  CentroUfiis,  and  LUsolipU^  from  the  Eng- 
lish Lias.  Here  aho  may  be  mentioned  the  genera  ^/utrolepit,  of 
the  Permian  of  Bohemia,  and  Ccefahph^  of  the  Kimeridgiflti  of  Bavaha, 
which,  althuufjh  having  cycloidal  imbricating  scales,  appear  to  be 
allied  to  the  present  (iamily. 


ORDER  GANOtDEL 


979 


ivr  PuTTsoMtDjV. — The  l^atysomidec  agree  wiih  the  preced- 

in  the  character?  of  the  vertebral  column,  fins,  scaJcs,  and 

main  cranial  siniaure,  but  difftrr  by  the  body  Ijeconiing  deep 

I  ibon.  with  an  ovoid  or  rhoinbuidal  contour,  and  also  by  minor 

JOS  in  the  cranial  struaurc     I'hc  iccth  nrc  small,  nnd 

<:  eitber  rfmrp  or  obtusc     The  chief  diiTerence  in  ihc  struc- 

Ihc  skull  consists  in  the  deflection  or  its  axis  below  thai  of 

tcbnU  cclumn,  instead  of  being  continuous;  while  the  hyn- 

r,  itutcad  of  l>cing  very  oblique,  becomes  nearly  vertical, 

:  the  eUunoid  is  elongated.     These  changes  cause  the  moiirh  to 

:  KparUcd  widely  from  the  orl>it,  the  jaws  to  become  "  prognath- 

xnd  the  gape  of  the  mouth  itself  to  be  tuu(.-h  rcUucc-d  ;  tliey 

readily  apparent  by  contrasting  the  figuic  of  Palaoniscus  *itii 

of  CkirodMS.      Dr  Traquair  regards  this  family  as  a  group  of 

'  ilised  forms  descendtd  from  the  Paiaenhci4a ;  their  external 

nhUnce  to  the  Dapcdiidn  being  probably  due  merely  to  adap- 

I  to  itmiUr  conditions  f£  life,  and  not  indicating  a  real  aftinit)-. 

:£urymotu5  (5g.  917)  the  contour  of  the  body  h  not  iio  greatly 


r«.vtT— < 


(Alto  Tnaiuir.) 


from  the  PaJseoniscid  t>-pe ;  the  pectoral  fin  is  large,  the 
doml  also  large,  and  beginning  above  the  pelvic,  while  the  base  of 
the  anal  la  ihwi.  This  genus  occurs  in  the  Carboniferous  of  Scot- 
bnd  and  Belgium.  In  Jienedenius,  of  the  Ilelgian  Carboniferous, 
the  body  becomes  more  oval,  and  the  dorsal  fin  is  placed  more  pob- 
totioriy.  More  or  Icia  nearly  allied  10  this  grouj.)  arc  Afesokpis,  of 
the  British  Caiboniferous ;  Eurysomus,  of  the  Middle  Pennian  of 
id  and  Belgium ;  and  IVardich/kys,  of  the  ^coilisli  Carbon- 
In  Chirodas  (fig.  918),  of  the  British  Carboniferous,  the 
is  rhomboidal ;  the  dorsal  and  anal  fins  liave  a  lung  base, 
lays,  and  an  anterior  spine  :  while  the  pelvic  fin  is  unltnown, 
and  the  pectoral  ^niall.     Closely  allied,  again,  is  Chirodopiis^  from 


L 


A 
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the  same  horizon.  The  last  and  type  genus  Platysomta  (figii  9I 
and  930)  is  represented  by  a  large  number  of  species,  ranging  fa 
the  Carboniferous  of  England  and  North  America  to  the  MBdd 


Fig.  giB- — CkiradMi  gnaiulBtiu  :  from  the  Corbooif emn*  of  Scotlaad.     Rcdacad. 
(After  Traquur.) 

Permian  of  England  and  the  Continent  The  contour  of  the  bcx 
is  less  rhomboidal  than  in  Chirodus  ;  the  dorsal  and  anal  fins  he 
no  anterior  spines ;  the  pelvic  fin  is  very  small,  and  but  seldcKo  pf 
served  ;  while  the  pectoral  is  of  medium  size. 


FiK'  919-— /'/o'/nwiiu  tiriatta;  from  the  Middle  Pcimlui  of  EosUad.     Rednoad. 
(After  Tnquur.) 

Suborder  6.  Lepidosteoidea. — In  the  Lepidosteoids  the  paii 
fins  are  non-lobatej  there  is  no  infraclavicular  bone;  the  rays 
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and  anal  fins  com-spond  in  nunib*r  wiih  their  suppnning 

IS  bones ;  Uit  opcri:ular  bones  arc  like  those  of  tlie  'I'cle- 

tbcre  is  frequently  3  median  jugular  plate  on  the  tirst  pair  of 

uoscegsis;  the  dettlopnaent  of  the  vertebral  column  '\^ries; 

is  of  the  masked  hcieroccrrcal  t)~pc  ;  and  the  ica.\eH  arc  rhom- 

or  may  be  occasionally  replaced  by  angular  scutes.     This 


f     .ry.i'iill"""*'*' 

Jii!  IS 


TIm  pclvtc  lln  1*  nix  ihom. 


Rtduna 


^■BnSer  is  represented  at  the  present  day  by  the  somewhat  abet- 
jK  L^d»s/t£dx,  and  also  by  a  large  number  of  Me^ozoic  (onra 
anting  from  tbc  Trias  upwards.  As  already  mentioned,  the  exter- 
na rescDlblance  of  the  Dap4diida  and  PytnodonHda  to  the  Ptaty- 
wdim  b  not  iq^ded  by  Dr  Traqunir  as  indicative  of  real  afHnity. 
Fakilv  DArciiiiD^.. — In  this  family,  which  by  some  writers  is 
mbdirided  and  known  as  the  SauriJa:  and  Slylodantida,  the  body 
i<  riUser  fmifonn  or  ovste ;  the  opercular  bones  present  certain 


chancteintic  features  ;  the  upper  lobe  of  the  body-axis  of  the  tail, 
lod  usually  lite  anterior  borders  of  the  oiher  fins,  have  well-dijvcl- 
oped  fukta ;  the  \-omer  and  jaws  carry  sc\-i:raJ  rows  of  small  teeth, 
rf  which  the  ouiennost  are  curved  and  resemble  claws  {griffehahnt)  ; 
lad  the  ossification  of  the  vertebral  column  is  imperfect.  Among 
iie  genera  with  fusiform  bodies,  orw  of  the  best  known  is  Stmionohis 
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(fig.  gai),  which  is  widely  spread  wcr  £im^.  .According  loj 
I)ccclcc  this  genus  is  rcprcNcnEcd  in  the  BuntCT  and  Miischdk 
it  is  ccimmon  in  the  Kttiper,  or  Upper  Trias,  and  thence 
the  Kimcridgian,  or  Up|h;r  Jurassic.     It  has  also  been 
from  ihe  Scormherg  beds  in  ihe  upper  part  of  the  Karoo  sysufal 
South  Africa ;  and  it  a))pL'firs  to  be  aho  represented  in  the 
of  North  America,  where  it  has  received  the  name  of  luk 
In  these  fishes  tlie  dorsal  fin  is  ainiJl,  the  inc<juabty  of  the 
[x^rtion  of  the  caudal  »(lrungty  marked,  and  there  is  a  row  of 
bpinc'like  scales  on  the  middle  line  of  the  h.nck.     Other  mon^ 
less  nearly  allit-d  forms,  of  which  some  were  formerly  included  i 
Palacniseus,  are  Aienfro/^horus,  from  the  British  Permian ; 
pttrus,   fro]n  the  North  American  Trias ;  and  Dictyopygt,  from  I 
Trias  of  both  Kngland  and  North  America,  the  type  species  <A  ' 
latter    havi[ig    I)ccn    originally    named   Palironistus   supersttt. 
HiltrfUpidotui,   typically  from   the    I^wer   Lias   of   England, 
HfiemstrDfi/uis,  from  the  Kimeridgian  of  Bavaria,  we  ha« 
in  which  the  contour  of  ihe  body  is  more  like  thai  of  the  type  | 
H(leraUpidt>tm,  according  to  Dr  DeecWe,  is  also  represented  in  ths] 
Muschelkalk,  and  surx'ived  to  the  Kimeridgian.     The  name  ASt- 


kpidolus  is  applied  to  allied  typca  also  represented  in  the  Muschcl- 
kalk.  Dapedim  (fig.  i)7i),  in  which  Aiihrnodm  may  be  inchidcd, 
comprises  b  number  of  medium-siied  fishes  with  broadly  avatc 
bodies  ranging  in  Europe  from  the  Keuper  to  the  Lower  Jurassk, 
btit  aUo  occurring  in  the  Kota  t>eds  of  the  Indian  (londwana^,  whkh 
are  somewh.il  higher  than  the  Malcri  beds  from  which  Crratodut  is 
obtained.  The  dorsal  and  anal  fiiis  have  elongated  ba»es,  and  the 
inequality  liclwccn  the  upper  and  lower  loI)cs  of  the  scaled  part  of 
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[caudal  fin  is  oomporathvljr  slight  In  tyjMcal  species  the  teeth 
ItBD^ilc,  while  in  others  (on  which  vfrAwtWcr/  was  founded)  they 
[ibriied  at  their  summit ;  since,  however,  both  types  .ire  oocn- 
'ibaiid  in  a  single  species,  ttiey  do  not  afford  grounds  for 
:  dkdnction.  The  u>-c.alled  Amifyurut  has  been  founded  on 
I  liisk  spcdmcns  of  DapeJiut.  Allied  fomis  aiu  I'ieuroUph 
\ibmnnltftSt  from  the  Upper  Lias  of  ^\'^;Tl^.-IIll)L■^j•.  In  Tttrn- 
w,  of  the  European  Lias  and  llic  Koia  beds  of  the  Indian 
the  liody  resembles  iJiat  o<"  the  type  genus,  but  the  form 
donal  and  anal  fins  is  different,  the  caudal  An  is  nearly  sj-m- 
ADd  the  vcncbral  centra  develop  rinfp>  of  Ihirc  ;  all  these 
I  approximating  to  the  next  family,  in  which  Sir  P.  Egcrton 
Ixtth  this  and  the  following  gciius.  Ch't/int/efits  \s  an  allied 
trjMcally  from  the  Wianumaiiu  and  Hawkesbur)'  beds  of  New 
W'alcs,  but  also  occurring  in  the  Stormberg  bedn  of  the  South 
Karoo  system,  and  not  improbably  in  the  Indian  Kota  beds ; 
stnta  being  of  approximately  equivalent  age. 
KuiiLV  P^CNOix)xiii>«. — ^The  Fycnodonis  form  a  compact 
ranging  from  the  Lias  to  the  Eocene,  in  regard  1o  the  serial 


m 


V/ 


J> 


ns  iMj.     TT^Ii'iiMi.  tatBt,  and  nrlibnl  (ctumn  oT  Pycnodnnu  :  m,  Jawt,  and  i,  vomerine 

iTl  -  II- **   ' -*■  -^  "---■-•  -    Da.  of  CrA^ki .-  J.  Venctnl  eolunn  at PairJiat/jl^m  : 

A  Dot  4(  ft  mil*  I ;  /.  Sota  «f  Gyrtiiu.    The  dtsiIiSM  ii.  itiutly  ibIuibI. 


poatton  of  which  very  di%-ergent  view's  have  been  entertained.  Dr 
Traquair  is  however,  dii^iosed  to  regard  them  as  specialised  forms 
connected  with  the  Dapedudtc  and  Ltpidotida^  and  they  are  aecord- 
ii^y  here  placed  bctvreen  those  families.  Tliis  family  ha^  been 
tcccirdnl  from  Europe,  Asia  Minor,  North  Ameriea,  and  Australia, 
and  pfesents  the  following  characteristics.  The  body  is  of  a  rhomb- 
VOI.  uu  c 
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oitlal  shape,  presenting  a  striking  resembUnce  in  this  rcs|i 
ihe  Platysomdit ;  the  cnudal  fin  is  of  a  coinpleielj-  ina;^kMl 
certa]  typt;,  md  there  are  no  fulcra  to  the  fins.  The  notod 
pcrsislciit,  but  the  neural  arches  and  ribs  arc  ossiAcd,  and 
later  forms  the  heads  of  the  latter  (fig.  ^i^  itrc  cnUr]gcd,  at 
simulate  portions  of  vertebra!  centra.  The  prcmaxilLe  arc  too 
the  conjoint  palatines  and  vomer  form  a  triangular  bone  (fig, 
carrying  five  longitudinal  rows  of  o\-al  or  round  molariform 
while  in  the  nundiblc  the  dentary  hones,  which  form  the  exi 
of  the  symphysis,  have  two  or  four  chisel-like  tevth,  and  the  S{l 
are  enlarged  and  carry  on  cither  side  from  three  to  fiv<  «( 
rows  of  mobriforni  teeth  (fig.  923)  opposed  10  those  of  the! 

i Commencing  nith  the  typical  genus  Pym&dm,  ure  find  this,  I 
defined,  restricted  in  Europe  to  tlic  Lower  Eocene  of  Shqipi 
the  Middle  Eocene  of  Monie  Bolca  in  Italy.  There  are  onlj 
rows  of  teeth  on  either  side  of  the  mandible,  of  which  the  inn 
is  the  largest ;  tii 
m  ^-1--*'''^?^^^^—-.  '''*  vomer  tlie  U 

1  ^^0^"^^^  ^  ^^^^^        •'^^  \\vKe.  inner  ro 

■  M  jMB^^^^-  \      round,  and    tho 

■  ^K  .;^MHptf9^^Ps^^>i^^^  I         larger  and  oval. 
I  ^P^j^j^g^Sr^^irf^^^^cj]  *        characters  are  foi 
I   M  TfcfteJ^StJ^^c&^SS^B^  ^^    position    o 

I  M  ^' iKfeai^^^j*  -     r]^^  '  "'''''^  ^'^  ^"'8'  * 

vJB^3^pl^R^^^^jf^^^^\  '^'^    tnoulh,  aM 

I JUPC  ^^S^S^t^^^'jr—^^^  .    1     supcrioriiyin  ihel 
r^*'     iyM^^X^^^^^^^^S^^'x  !     °^  *^*  dorsal  M 

pared  with  the  afl 
.■\  fish  from  Ihe 
CC0U8  of  Brazil  tia 
referred  by  Ph 
Cope  to  this  t 
The  allied  /'•lAs 
/*«  (fig.  923,  . 
which  all  ibe 
teeth  are  sab 
occurs  in  the 
of  the  Lcbanoi 
Cretaceous  Pisol 
Mont  Aim£  in  F 
and  also  in  the  Middle  Eocene  of  Monte  Bofca.  The  | 
number  of  the  Cretaceous  forms  are,  however,  referable  I 
genus  AaviemitH}  CorloJus,^  which  comprises  soioe  species  atl 

*  The  natna  CnMui  being  preoccupied  by  Ca!od»n,  the  term  linvttmn, 
powd  tiy  AgsMii  for  detaclwd  teelh,  it  adopted.  ' 


\ 


Titf^A.—ynrwaiAcnltmnmBrrriftiiil  rnxii  the 
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sitt.  The  vomerine  xeetli  (fig.  9*4)  of  ihe  middle  row  are 
and  moch  larger  than  either  of  the  others,  while  there 
rmaOjr  three  rows  on  either  side  of  the  mandible,  although 
occAfiOTUiIIy  increased  to  four.  The  dorsal  fin  extends 
of  the  anai  This  genus  ranges  from  the  (lault  to  the 
and  is  widely  spread  ihrough  Europe.  In  MetoJim  we 
genus  ranging  from  the  English  Lias  to  ihc  Ixiwcr  Kimer- 
<rf  Bavaria,  and  not  improhahly  also  represented  in  the 
Oeensaod.  Here  the  Tomcrine  teeth  of  the  middle  row 
I  Itfger  Ouii  the  teeth  of  the  other  rows,  which  are  exceedingly 
and  in  the  ouicrmoal  Hnc  have  a  w,-in-likc  surface.  .Allied 
■K  Alnhirui  and  Athrodou  from  the  Ktmen'dgian  of  the 

(fig.  935),  whieh  comprises  two  small  species  from 
CrcOccous  of  Italy,  is  tJiaractcriscd  by  the  great  Icngih 


td  the  dorsal  and  anal  fins,  and  a]»0  by  the  concav-e  surfaces  of  the 
aobnfann  teeth,  which  are  of  »<ubcqua]  sixe.  Aficrodim  is  snother 
■Died  genua,  ranging  in  Europe  from  the  Kiineridge  to  the  Puibcck. 
The  arrangement,  uf  the  leeth,  and  the  peculiar  siruciure  of  the 
beads  of  the  ribs  arc  shown  in  fig.  923.  In  Cyr^us  we  sccra  to 
ba«e  the  most  specialised  members  of  the  entire  family,  all  of  them 
Seitig  characterised  by  the  sculptured  crowns  of  the  motariform 
teeth.  TIk  vomer  is  very  narrow,  and  has  the  Iccth  subcirtular, 
tlioae  of  the  middle  row  beit^  much  the  lar^^e^t :  while  in  ihc  man- 
<Eble  tfaeie  are  four  rows  on  cither  side,  of  which  the  first  and  third 
are  the  larger.  This  genus  is  especially  abundant  in  the  Lower 
KinKiidgian  lithographic  limestone  of  KaYarin,  hut  it  also  ranges 
tipwatds  into  the  Chalk  of  Sussex,  and  downwards  into  the  l^wer 
[  Junnic  Stonesficld  Slate.  Finally,  Co^odus  is  founded  on  an  im- 
L    perteel  !qKCtmen  froni  the  Chalk  of  the  Lebanon  rcilly  belonging 
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to  this  family,  but  which  has  been    rcTened   to   the  Tele 
Siluroids. 

Familv  I,epii)otii)-«  (SpH^BonoNTin^,), — In  Ihc  Ltpidotia 
body  is  more  or  less  rusirorm,  ihe  upper  soled  portion  of  the  i 
longer  than  the  lower,  and  the  Tulcm  of  the  Bna  are  well  devt 
The  palatine,  vomer,  mnxillt,  and  dentary  cairj-  rovrs  of  knc 
teeth  (fig.  926),  while  the  prcmaxilla  is  furnished  with  teeth 
^isel-like  fonn.     The  type  geiiu<;  Lepitiotui  (fig.  9i6>,  with 
Spharodtis  is  in  grc.it  pfin  identical,  has  a  wide  distribution 
time  and  space.     Thus,  in  Europe  it  ranges  from  the  Muscht 
or  Middle  Trias  (where  its  scales  have  been  described  under ' 
names  of  Dactylahpis  and  Thallodus)  10  the  Chalk,  and  it 
occurs  in  the  Kota  group  of  India,  and  the  Cretaceous  of 
and  of  North  America.     The  large  button-like  teeih  of  Z. 
are  abundant  in  the  Kimeridge  Clay,  and  «pecimen$  have 


i» 


ece  £ 


vicnof  tcMkuiilaKali  mtivcainclK  conKn. 

found  comprising  nearly  the  whole  palate,  and  exhibiting  the  curious  1 
maimer  in  which  the  replacing  teeth  gradually  turn  t«-cr  a:s  ihqr 
come  into  use.  The  names  Ntphrotus,  Ctntrcdus,  Omphaiodm, 
Htmihput,  and  Asteroden,  have  been  applied  to  molariform  and 
chiscMike  teeth  belonging  to  members  of  thi^  family  from  the  Trias 
of  Sik-sia  and  Thuringia ;  while  teeth  of  the  latter  type  from  the 
bone-btid  of  the  same  period,  in  both  Wiirtemberg  and  England, 
described  under  the  name  of  Sargodim,  should,  perhaps,  be  likewise 
sed  here ;  and  NtorhomboUpis,  of  the  English  Chalk,  appears  to  lie 

1  allied  Form. 

Familv  Eugvatmid*  (Sauroiiostid*). — The  body  in  this 
family  is  long  and  slender ;  the  snout  short ;  the  fins  hai*e  fukas, 
the  caudal  being  of  a  partially  or  completdy  m.iskird  hctcroccrcal 
type  i  the  vertebral  centra  may  be  either  imperfectly  or  fully  ossified, 
and  the  teeth  arc  pointed.  The  range  in  time  of  this  family  extends 
from  the  Upper  Trias  to  the  Ncocomiar  of  Europe,  but  may,  pa- 
haps,  also  include  the  Chalk.     In  the  cjpical  group  we  have  E^t' 
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ranging  from  the  Keupcr  to  the  Kiintritdguin,  while  in  the 
find  PlatytiiMgum  and  PiyikoUfii,  and  PMiJo/Uyrus  and 
KJ  in  Ibc   Kcupcf.      A  second  group  is  represented  by 
•i-^h-^hs.  of  ihe  Kimcridgian  of  Bavaria,  and  also  hy  Th-frafo- 
\i  :v.;<\  Pterygitf^tents *i\  (he  Kciipcr.  ihc  latlcr  heing  disiingiiishird 
die  ib*cnce  of  the  pelvic  fin*.     The  genu»  Phtjiidopkerus  in- 
.tnull  Fishes  aomewhai  resembling  a  Carp  in  form,  which 
(mm  the  Musrhelkalk  to  ihe  PurbecV.     A  fish  from  the 
clkalk,  originally  deacrihed  as  PhaiiJi'Phortts  porro,  has  been 
ihc  tjfjic  of  the  genus  Prohitledttt,  on  accouni  of  peculiar 
in  ils  aqtiaznation.     I.argci  forms   are  ranked  under  the 
lAijAlnOff  of  the  Lias  anil  Kimcrid[>ian.  and  Ophmpsis,  which 
from  the  Lias  to  the  Purlieck.     Of  the  Tcmainin^  genera 
Euumiut  and  I*ropterus  in  the  Kimeridgian  of  llavaria; 
from  the  latter  deposits,  and  also  in  the  Lower  Creeiuand 
Hiitiomstui  in  the  Ita^-arian  Kimcridgian  and  the  English 
xbeck  ;  Maa-osimius  ranging  from   the  Stonesfield  Slate  to  the 
Kineridpan  of  Bavaria;   and  J^gnonotus   from   ihc   English   Lias. 


from  the  Chalk  of  Sussex,  may  perhapi  he  placed 
Ixrc.  although  its  &ku11  approximates  10  ilut  of  Atniti,     The  scales 
;ted,  juid  hAvc  a  pectinated  posterior  hordcr. 
iiY  AsriDOKHvwcHiO;«  (Rhvnchodo.vtid*). —  In  this  family 
'IS  much  elongated,  and  covered  with  scales  of  unequal 


ni-  gajfA,  Ttm  C*r-pllia  iLtpilmlnt  uttta).     Rcoinl.     Korlti  Anwrka.     t^  AtfU*- 
rJ^X^tAiu;  trom  Ibc  JunoMC'    Bo(b  niuh  nriiwaL 


; ;  tbe  skull  is  produced  into  n  short  rostrum:  the  caudal  fin  is  of 
Ik  mnhed  beteroccrcat  ijrpc ;  the  fins  carT>-  fulcra ;  the  vcnebra* 
late  ossified  rings  ;  and  the  teeth  arc  either  blunt  or  sharp.  This 
amtly  is  rciiresented  only  by  the  Mesozoic  genera  Aipidorhynchm 
ind  SttMioslamM,  in  both  of  which  the  dorsal  fin  is  placed  above 
he  ttal.    In  the  former  (fvj^.  917,  b),  which  ranges  from  the  Lias  to 
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the  Purbeck,  the  length  of  the  upper  jaw  exceeds  that  of  the  1 
and  in  advance  of  the  mandibular  symphysis  there  is 
bone  (not  shown  in  the  figure)  apparently  corresponding  to  the) 
found  in  certain  Dinosaurs.  In  Belonostomus,  which,  as  DO*  I 
striated,  ranges  from  the  Lower  Kimeridgian  of  Bavaiu  to 
Chalk,  the  predentary  bone  is  so  much  elongated  as  to  make  i 
upper  and  lower  jaws  of  nearly  equal  length,  and  the  predenV 
carries  a  median  row  of  large  conical  teeth,  flanked  by  two  roM 
minute  teeth ;  the  teeth  of  the  normal  bones  of  the  jaws  hasi 
mammilated  crowns  adapted  for  crushing. 

Family  BELONORHYNCHtDiC:. — This  family  name  has  beCD  p 
posed  by  Mr  S.  Woodward  for  the  remarkable  genus  Beiemorkfudk 
typically  occurring  in  the  Upper  Trias  of  Carinthia,  but  also  fiM 
in  the  Lower  Lias  of  Dorsetshire,  where  the  specimens  had  be 
originally  referred  to  Belonosiomus.  According  to  the  writer  qooll 
Belonorkynckus  was  allied  to  the  latter  genus,  having  a  similar  ki 
and  slender  body,  with  the  same  general  position  and  structnR 
the  fins,  and  probably  furnished  with  a  predentary  bone.  Thefidl 
of  the  fins  were,  however,  either  absent  or  very  minute ;  and,  wi 
the  exception  of  a  median  dorsal  and  ventral  series  of  scutes,  i 
another  series  on  the  lateral  line,  the  body  was  naked.  Tlie  i 
perfectly  known  Saurichtkys,  from  the  Rhaettc  of  Bristol,  is  a  doa 
allied,  if  not  generically  identical,  type.  Specimens  of  the  npf 
jaw  show  that  (as  in  BelonorkyncHus)  the  bone  was  covered  with  i 
tubercles,  and  that  the  maxillae  gave  off  horizontal  palatal  plates,  li 
those  found  in  Amphibians  and  Reptiles. 

Family  Lepidosteid*. — The  Gar-pikes  of  the  genus  Le^doA 
(fig.  927,  a),  inhabiting  the  freshwaters  of  Northern  and  Cent 
America  and  Cuba,  agree  with  the  Aspidorkynchida  in  the  gene 
contour  of  the  body  and  the  arrangement  of  the  fins ;  but  t 
rostrum  of  the  skull  is  much  longer,  and  the  tail  distinctly  hete 
cereal.  The  scales  are  lozenge-shaped.  The  existing  genus  appe 
to  be  represented  in  the  Lower  Eocene  of  France  by  a  species  ( 
Maximiliani)  formerly  referred  to  Leptdotus ;  and  it  may  also  oci 
in  the  Upper  Eocene  (Oligocene),  where  a  species  described  uni 
the  name  of  Naisia  has  been  referred  to  it  In  North  America 
have  also  Pneumatosteus,  from  the  Miocene,  and  Ciasies,  from  1 
I^wer  Eocene,  both  being  freshwater  forms,  and  the  latter  a 
occurring  in  the  Eocene  of  Rheims. 

SunORDER  7.  Amioidea. — According  to  Dr  Traquair's  class 
cation,  the  last  and  most  specialised  suborder  of  the  Ganoidf 
typically  represented  by  the  existing  Amia  and  a  series  of  Mesoz 
genera  approximating  more  or  less  closely  to  the  Teleostei. 
these  forms  the  paired  fins  are  non-Iobate  ;  the  infraclavicular  bon 
absent ;  the  operculars  are  Teleostean ;  the  branchiost^als  hav 
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jtifiulw  pU(« ;  the  vcrtebrse  arc  more  or  less  completely 

1 :  the  toil  is  masked  hctcrocerca} ;  and  the  scales  are  thin  and 

Dt  cydoidal.     In  aII  cases  the  teeth  arc  small  and  pointed.     It 

obatile,  indeed,  that  in  the  Mcsozoic  rcprcsenutives  of  this 

I  we  have  Tonns  closely  allied  to  the  atKre^ors  of  the  Teleostei, 

lit  H  more  th^in  likely  thai  future  discot-cnes  will  show  a  com- 

!pts»age  between  the  Onnoids,  as  represented  by  this  8v1>order, 

Teleoueans. 

lav  Pacrvcormidjr  (MiCROLEPtixyn). — According  to  Pro- 

■  Ztrtd,  Paikyfprmtu  and  its  allies  should  be  placed  in  this  sub- 

allhovgfa  other  writers  have  regarded  them  as  mure  nc-arly 

I  to  the  Daptdiida.     In  ihcise  forms  ihc  .scaler,  alihou^'h  thin 

ilcUiD^  ate  subrhomlKjidal,  and  the  vertebral  column  is 

^faiooiiipJctelr  ossiBcd.     1'hc  chief  genera,  which  arc  European, 

Vackywrmvs,  ranging  from  the  l.iaii  to  the  Oxford  Clay 

Jun»ic);  SHiitHtis,  from  the  Lower  Lias;  £uthyHvtm,  of 

horiion :  and  ify/tiavmus,   Saarofitis,  and  Agasst'iiay  of 

*er  Kimerid^nan  of  Ba^-aiia. 

iiuv  CAirmm*, — 'llie  Ctiutoids  are  a  family  of  Salmon* 
.  fishes,  Taryint;  greatly  in  :&i2c,  and  ranging  in  time  from  the 
I  lo  tlic  Chalk,  but  especially  common  in  the  Ktincndgijin  litho* 
jjpipbjc  limestones.  The  vertebral  column  may  be  cither  very  imper- 
$esAy  or  completely  osstlicd,  the  tail  is  more  or  less  deqily  forked,  and 
liie  liu  have  fulcra.  Caiurus  itself  comprises  a  number  of  species, 
:  of  which  arc  of  large  size,  and  two  of  which  arc  represented  in 
I  jiS^KC     The  scales  are  \^ery  like  those  of  the  Teleosteans, 


tC*twnit/mrtafiti  ;  from  ihc  KMuridgika  al  BkvarU.      Reduced. 
1,-  r,  Pditii.;  a,  Aiiai  ;  f,  Cmudtl ;  S,  DhmI  iId. 


pg  flin  letain  the  Ganoid  character  of  an  inferior  layer  of  bone  and 
10  oppcr  one  of  enamel.  The  dorsal  fin  is  placed  immediately  above 
be  pelvic  This  genus  ranges  from  the  Lias  to  the  Kiincridgiaii, 
7,  mcximtt!  attaining  a  length  of  three  feet.  Stnthi/odus,  from  the 
Cioiendgian  uf  Bngland  and  the  Continent,  is  a  closely  allied  if  not 
ientical  genu^  Other  genera  are  JsMofum,  from  the  Dorsetshire 
xmer  Uas ;  and  the  Jurassic  Lindesmui,  EMrycormus,  OUgifUurus, 
EjMWgj^WJ  {AUakM^tis),  Matrorhipit,  and  jEthalion.     Oli^opltums 


990 


CLASS  riSCES. 


has  the  dorsal  lin  placed  behind  the  peK-ic ;  And  in  thi$  Ani 
of  The  other  genera  the  vertcbne  consist  of  the  upfMrr 

f,^ horse-shoe-shaix-d  elements  i 
-^             'T  '  in  the  prcliininnr)-  notice  of  tl 

<£L\         '  Family  Leptolepidid^- 

-j[KH|aL  ing  similarity  in  external  coot 

jKeI  ^^.  the  CatUToitls  U  the  genus  /A 

(fig.  929),  which  is  placed  ; 
(■iinther  next  to  that  family,  aA 
some  palieonlolugisis  regard  i 
TeleoMean.  The  vertebra!  col 
fully  ossified,  and  the  fins  ai( 
out  fulcra.  In  this  genus^j 
ranges  from  the  Lias  to  the  ) 
idgiiui.  the  dursa)  fin  is  plocf 
mcdiatcl)'  over  the  pelvic ;  1 
Thrissops,  of  the  Kimeridgia^ 
Above  the  anal.  In  external  i 
tcrs  these  Fishes  cannot  bej 
guished  from  Teleosieins;  aaj. 
proliable  that  they  are  ind 
conneried  with  that  order,  C 
ihey  should  not  be  placed  iol 
Family  AMnn.f- — In  the  !% 
the  vertebral  column  is  fully  ot 
.tnd  in  the  caudal  region  has  1 
of  centra  la-aring  the  ncuif 
lixmat  arches,  which  alternaH 
iiUcrrcntra  devoid  of  such  a| 
ages.  I'ulcra  may  or  not  b( 
cnt ;  and  the  caudal  fin  13  e 
with  the  extremity  of  the  V6 
column  bent  sliarply  up  int 
upper  lobe.  In  Aftgafums.  1 
I'urbeck  and  Kimeridgian,  fuk 
present,  and  the  dorsal  fin  is 
and  does  not  extend  in  advai 
the  pelvic.  Lophiuntt,  fror 
same  horizon,  and  Opsi^mis  and  Amiofsis,  of  the  Lower  i 
arc  other  genera,  of  which  the  first  two  arc  nearly  relsl 
Mtgalurus.  The  existing  Amia,  of  Ihc  freshwaters  of  the  50 
United  States,  has  no  fulcra,  and  the  dorsal  fin  occupiesi 
quarters  of  the  length  of  the  body.  It  appears  probable  thi 
genus  is  represented  in  the  Upper  Eocene  (Lower  OligoceiM 
the  Lower  Miocene  of  the  Continent,  where  its  remains  havt 


Fia-  9>8J«.  —  Skelelon  af  CalnrT,, 
f/finjptt^t  ■'  frtHn  lUe  K  imcrifl^jjifi  of 
Fiane*.  Oiw-tuJ*'  n^iunl  uic.  (After 
Still.) 
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ioribcd  under  the  names  of  Cydurus  and  Xotaits ;  and  it  also 
in  ih«  Eocene  of  Colomdo  and  VS'yoming,  where  it  has  been 
as  Pntamia  and  Ilypamia.     The  Eocenes  of  the  laitcr 
and  of  Kheims  have  aJso  jrielded  the  allied  PappUhikys, 


dtere  «  but  a  single  row  of  teeth  ;  and  niemljers  of  this 
uaj  occur  in  the  Chalk  of  Ihe  Lebanon. 
rXM.  Seuisl — The  remarlcable  genus  Darypttnu,  of  the  Pcr- 
i  of  Hcssc  and  Durham,  may  hi;  convcart-ntly  noticed  here,  since 
ipcKttion  is  T«Ty  pToblemiiticaL  In  thi^  remarkable  lish  the  body 
riiqied  somewhat  like  that  of  a  Sunfish,  and  the  anterior  part  of 
K  doml  fin  IS  taller  than  the  whole  depth  of  the  body.  There 
%  ooreovei',  the  Canokl  characters  of  fulcra  to  the  fins,  and  the 
olodtordal  condiiion  of  the  rertctiral  column ;  hut,  on  the  oiher 
led,  there  arc  no  ganoid  scales,  and  the  pelvic  hns  are  placed  in 
fnoce  of  the  pectorals,  as  in  some  of  the  Tcleosici.  On  account 
'  ihtt  curious  comhination  of  characters,  I'Tofetisor  Cope  has  pro- 
xedto  make  Doryptenn  the  type  of  a  special  order,  the  Dory- 
with  the  family  Dorypttrida. 
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Order  VL  Teleostei,  —  The  last,  and  in  many  respect! 
most  highly  organised,  order  of  Fishes  is  the  Teleostei,  whic 
eludes  the  greater  number  of  existing  forms,  and  (unless  soi 
the  genera  here  placed  in  the  Amioidea  belong  to  it)  does  nol 
back  beyond  the  Cretaceous.  The  Teleostei  are  in  all  proba 
descended  from  the  Ganoids,  and  occupy  in  the  class  a  somi 
analogous  position  to  that  held  by  the  Squamata  among  the  Re 
and  the  Fasseres  among  Birds ;  all  traces  of  Amphibian  afiS 
having  been  entirely  lost  in  this  order. 

It  is  impossible  to  give  a  definition  of  the  order  by  whidi  i 
be  sharply  separated  from  the  Ganoids,  but  the  following  a 

most  characterisd 
-^   e^s  tures   from   a  pa 

'^\  -J      ,'^         tological  point  of 

'y.'3-'.---j%,  The  body  is  it 
covered  with  thin 
tic,  cycloid,  or  ct 
scales  (tigs.  833, 
but  bony  scutes  01 
oid  scales  are  occ 
ally  present  The 
of  the  endoskelei 
well  ossified ;  an 
gills  are  freely  sus 
ed  in  a  gill-cavity  1 
ed  by  a  well-deve 
operculum  (tig. 
The  caudal  fin  c 
adult  is  of  that  completely  masked  heterocercal  type  usually  t< 
homocercal  (fig,  931).     The  pelvic  fins  may  be  either  abdo 


Jiij' 


Fig.  930.— Skull  of  Troui(5ii/mfl).     Reduced.     Letters 
as  ia  fig.  St],  p.  917. 
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ibccd  in  advance  of  th«  p«ctoniI«.     The  fin-r3.>-&  nu.y  or  may 
artjculaicd ;  and  thtn  are  never  fulcra  on  the  fins.     There 
pairs  of  nasal  openings  on  the  top  of  the  head.     Other 
are  fbtind  in  the  soft  ports  which  arc  not  usually  avail- 
ibe  case  of  fosidls. 

[fiinher  be  observed  that  Tclco-iicans  agree  wiih  OnnoJds 

tylic  structure  of  the  &)cull,  and  that  cranial  bones  and  a 

pectoral  girdle  (fig.  844)  are  alwa)-8  tievclopcd.     The 

ent  of  the  cranial  bones  in  a  typical  Teletistean  in  shown 

930,  where  it  will  be  seen  that  the  preopercular  (TV)  does  not 


|af  Um  PtKhlftrcMjtta'idtUijX    Xxhifwl.    lAtltn  m  la  tg.  Ejfl,  {i.  gij. 


on  to  the  face  as  it  docs  in  sonic  Oanoids.  In  ceitain  fomi*, 
•r  (Si/uriifj'i,  the  cranium  deveIo[>s  large  bony  piates,  artictJ- 
with  othcn  in  the  cennco-dorsal  region,  and  presenting  a 
»g  resemblance  to  some  of  ihe  cartila^inoiisi  Ganoids.  In  the 
group  Mrong  npirK.-^,  arliciiLiting  with  tlic  urKlerlyin};  bones,  are 
Dped  tn  tiw  pectoral  and  dor?ia]  fms ;  while  the  .Salmonutds,  miiny 
ids,  and  others  develop  behind  the  rayed  dorvtl  an  ndditinnal 
ilhout  raj's,  to  which  the  name  adtpoit  ot  fatty  fin  is  applii'd. 
icordii^  to  Or  Giinthcr's  cbusifiralion,  the  1'ctcostei  are  divided 
six  suborders,  but  other  writers  would  group  the  last  five  of 
toother  under  the  nanic  of  I*h>-M>cly&ti,  as  of  equivalent  value 
e  first,  or  Physostomi.  The  former  arrangemtnt  will  he  fol- 
Rd  tiet«,  but  only  such  families  as  are  of  importance  to  the 
1*1  can  be  noticed. 

R  I.  PHVSOSTom,— In  this  suborder  the  swim- bladder, 

t,  is  connected  by  a  duct  with  the  pharynx  ;  ihc  pelvic 

generally  abdominal  in  position,  and  have  no  spine  ;  while 

lin-rays  are  articulated,  but  .sometimes  only  the  first  rays  of 

and  pectoral  6ns  arc  ossified.     I'his  suborder  comprises 
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the  most  generalised  Teleosteans,  and  those  most  nearly 
with  the  bony  Ganoids. 

Family  Saimohidx^ — The  members  of  this  and  the  next : 
are  so  intimately  connected  by  fossil  forms,  that  it  is  very 
to  draw  any  distinction  between  them,  and  it  has  accordingly  I 
proposed  by  some  writers  that  they  should  be  united  under  4e? 
name  Hakcida.  The  fossil  genus  Hake  is,  however,  very  imps- 
fectty  known,  and  if  it  be  eventually  found  advisable  to  merge  the 
two  families,  it  would  seem  preferable  to  employ  the  name  &/« 
iV«r  in  this  wider  sense.  Existing  Salmonoids  are  characterised  bf 
the  presence  of  an  adipose  dorsal  fin,  and  by  the  premaxilla  anl 
maxilla  forming  the  borders  of  the  mouth,  and  both  bearing  te«t^ 
There  are  no  scales  on  the  head,  and  no  barbels  to  the  moudu 
Recent  Salmonoids  are  either  marine,  or  inhabitants  of  the  fredi- 
waters  of  the  Northern  Hemisphere.  Remains  of  the  existiiig 
marine  genus  Osmerus  (Smelt)  occur  in  the  Upper  Greensand  of 
Germany,  the  Lower  Eocene  of  Claras,  in  Switzerland,  and  the 
Miocene  of  Licata,  in  Sicily ;  while  nodules  of  unknown  age  iwsA 
in  Greenland  and  Canada  enclose  a  species  oiMaihtus  indistinguisb- 
able  from  the  existing  M.  villosus  of  the  former  region.  As  fonns 
connecting  the  Salmonoids  with  the  Clupeoids  we  may  notice  A^^ 
hpis,  Acrognathus,  and  Osmeroides,  from  the  English  Chalk.  The 
first  has  a  rounded  body  and  a  depressed  head,  with  minute  teeth, 
and  the  pelvic  fins  abdominal.  In  the  second  the  orbits  are  of 
enormous  dimensions,  and  the  teeth  extremely  minute  Tlie  tluni 
genus  (fig.  932)  is  also  abundantly  represented  in  the  Chalk  of  the 
Lebanon,  and  appears  to  have  no  adipose  fin ;  its  skeleton  in  many 


Fig.  g3a.~OtmttviJtt  Utvetitiuh  :  Ironi  the  Chalk  ofSuiMX.     Rednced. 


respects  resembles  that  of  the  Clupeoids,  but  the  ribs  have  not  the 
peculiar  structure  of  that  group.  Sardinius,  from  the  Chalk  of  the 
Lebanon,  and  Sardinoides  from  the  same  locality,  and  also  from  the 
Chalk  of  Westphalia,  are  more  or  less  closely  allied  forms ;  while 
Opisthopteryx,  of  the  Lebanon  Chalk,  may  also  be  provisionally 
placed  here. 

Family  Clupeid*. — The  existing  members  of  the  Clupeoid  or 
Herring  family  differ  from  the  Salmonoids  by  the  absence  of  the 
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fin.  And  tbc  presence  of  peculiar  dermal  ossifications  at  the 
i  of  the  ribs,  which  form  bony  plates  on  the  sides  of  the  thorax. 
the  numerous  forms  arc  nuirine,  and  usually  occur  near  the 
The  type  genus  Clupea  (Herring)  occurs  in  the  Miocene  of 
iberg,  the  Upper  Eocene  of  the  Isle  of  Wight,  the  Eocene 
and  Gtanis.  and  the  Chalk  of  the  Lebanon.     The 


nt  til  — nc  Cmbrmi  Htfifnf  iCtmt*^  Imra^aiy    Rcdutcd. 

existing  Herring  i&  shown  in  fig.  93J.  The  Lcfianon 
[dull  hu  aUo  yielded  a  species  of  the  li\-ing  genus  Engraulis ; 
\  ibc  extinct  genera  Stomhvciupea,  Lejitoiomtts,^  ChiroaKlrites  (also 
t*B  ff'enphaliA),  ftnd  Spaniadoa,  which  are  more  or  less  closely  allied 
(•euting  tj'pca.  In  the  Eocene  of  the  Conrincni  wc  have  repre- 
KMUlves  of  the  existing  genera  Engraulis  (.Anchovy)  and  Chanos, 
ud  the  extinct  Platinx.  Ca-logasier,  and  CrasiognathuS — the  latter 
idr^  allied  to  the  existing  AffgttM/ft. 

In  this  place  we  may  conveniently  notice  a  number  of  extinct 
geoen  more  or  less  allied  to  the  ClupeoidH,  but  of  which  the  family 
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is  produced  into  a  rostram,  occasionally  equal  in  lengtli  to 
entire  body ;  this  genus  occurs  in  the  Chalk  of  the  Lebanon,  i 
is  considered  to  show  affinity  with  Optstfuipteryx.     Another 
seems  to  be  related  to  the  existing  Clupeoid  genus  Elt^s,  but 
presents   characters  connecting  it  with  the  American 
family  Characinida.     Among  these  we  may  notice  Rhaa^epiSt  \ 
the  Cretaceous  of  Brazil ;  and  in  Europe  Elopides,  from  the 
Eocene  of  Oarus  ;  Miopopsis,  from  the  Cretaceous  of  Bohemia 
IstFta ;  Hemielopopsisy  in  which  the  borders  of  the  mouth  ^ip^iea  to^ 
have  been  devoid  of  teeth,  from  that  of  Lesina,  on  the  DaknilflB^ 
coast ;  and  Protehpis,  of  the  Bohemian  Cretaceous,  chaiactenMi': 
by  the  short  jaws  and  the  presence  of  crushing-teeth  on  the  patalb 
Thrissopater,   again,   from   the  Folkestone  Gault,  differs  from  Ae 
modern  Elopine  type  by  its  compressed  body ;  while  Halec,  of  tbe 
European  Chalk,  is  still  very  imperfectly  known.     Alosa^  of  Ibe 


Fig.  935. — Skcleion  of  Diflamjiitia  trrviitimia  ;  from  the  Qulk  of  ibc  Lcbmnon. 


Eocene  of  Algeria,  and  Diplomystus  {fig.  935),  originally  described 
from  the  Eocene  of  Wyoming,  but  subsequently  found  in  the  Creta- 
ceous of  Brazil  and  of  the  Lebanon,  are  allied  forms.  The  latter 
genus  has  a  series  of  dorsal  scutes,  which  are  very  characteristic 
Hemitrickias,  from  the  Tertiary  of  Northern  Italy,  differs  from  all 
existing  Clupeoids  in  having  two  dorsal  fins. 

Family  Protosphyrjenid^ — With  this  family  we  come  to  the 
first  of  a  group  comprising  several  families  of  extinct  marine  Fishes 
characterised  by  their  large  spear-like  teeth,  and  hence  termed 
Saurodonts.  They  should  evidently  be  placed  near  the  Clupeoids, 
although  their  division  into  families  must  be  regarded  as  provisional. 
The  present  family  is  characterised  by  the  production  of  the  ethmoid 
in  advance  of  the  maxilla,  to  form  a  long  cylindrical  rostrum ;  by 
the  loose  connection  of  the  premaxillee  with  the  maxillx ;  and  pro- 
bably also  by  the  complexity  of  the  mandible.  The  teeth  were 
implanted  in  distinct  sockets.  The  type  genus  Protosphyrana 
{Erisickthe)  occurs  in  the  Upper  Cretaceous  of  both  Europe  and 
North  America ;  and  the  large  spear-like  teeth  of  P.  ftrox,  which 


nme  distriliution  as  ihe  genus,  are  very  common  in  tlie 
lie  b*ds  of  the  Cambridge  Creensand,  and  were  for  a  long 
fctml  la  the  American  Saurvetpha/us  land/ormts,  which  was 
bought  to  be  a  Reptile.  I'hese  teeth  arc  compress^,  and 
t  maiipnal  senations.  The  6ns  were  prOTidcd  with  large 
I  spines,  which  were  at  one  time  referred  to  the  Sctnchian 
f^hedtts,  and  subsequently  were  made  the  type  of  anotlicr 
under  ihe  tnme  of  Peteeopitrus. 

ilLV  Dercetid*  (Hoplopleuridje). — The  members  of  the 
I  family  of  SaurodonU  are  charaeterised  by  their  elongated 

their  powerful  dentition,  and  the  presence  of  several  scries 
je  triangular  scutes  along  the  side*  of  ihe  body;  there  is 
te  dorul  fin  in  those  fomu  in  which  the  6nit  are  known ; 
nh  are  rwt  implanted  in  sockets ;  and  the  skull  i&  frec|uentiy 
Wd  into  a  roftttum.  This  family  probably  passes  impcrccp- 
iioihc  next 

1  typical  genus  Dercttti  (in  which  Leptotrathtlus  may  be  in- 
I)  occurs  in  the  Chalk  of  England,  Bohemia,  and  the  [.ehanon, 
v>  in  the  Upper  Cretaceous  of  >\'estphalia ;  it  is  characterised 
I  kngth  of  the  upper  jaw  exceeding  thai  of  the  lower,  and  by 
escnoe  of  five  rows  of  scutes,  of  which  the  middle  one  hears 
eral  lir>e:  The  allied  As/ndopiairus  is  confined  to  the  Lebanon 
'  Other  members  of  this  family  are  Blaekiut,  from  the  Middle 
e  of  Mnntc  Boica;  PHnthophorus,  of  the  English  Chalk; 
rhynehus,  from  the  Upper  Cretaceous  of  Westphalia;  and 
•AamfAus,  from  that  of  Istria.     Plinthophants  has  two  rows  of 

hut  i)i  otherwKe  naked. 

BLV  Enchoi>ontid«. — ^Thc  genera  which  may  be  provision- 
ouped  under  this  name  are  diKtinguLshed  hy  the  moderate 
^ion  of  the  body,  which   may  be  cither  naked  or 


K^  f  jl    still W  of  gwi  j/i» tit  B*lnifr1i  from  ih*  Chalk  of  ih*  l^lanon. 
R^DCcd.    (AfurPtcMiMidltumbiri.) 

9  with  Ecuies,  and  by  the  elongated  premaxillie  and  maxillae, 
carr^-  small  teeth  andiyloscd  (like  those  of  the  mandible)  to 
tie.  A  considerable  portion  of  the  maxilla  is  excluded  from 
Ugin  of  the  jaw  by  ihe  preraaxilla ;  teeth  occur  on  the  pala- 
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tines  and  ectopterygoids ;  and  the  dentary  bone  of  the 
has  one  series  of  large  teeth,  with  one  or  more  inner  rows  trf  i 
ones.     The  type  genus  Enchedus,  with  which  Eurygnathus  of  \ 
Lebanon  beds  is  identical,  occurs  in   the  Upper  Cretaceoa 
Europe,  North  America,  Brazil,  and  perhaps  India-     Closdy  i 
to  this  genus  is  Eurypholis  (fig.  936),  of  the  Lebanon  Chalk, 
is  merely  distinguished  by  the  presence  of  a  few  dennal 
Cimolichthysy  from  the  Upper  Cretaceous  of  Europe  and  the  Un 
States,    and  Pomognatkus  {Pkylactoaphalus),  from  the  Chalk 
Europe  and  the  Lebanon,  are  nearly  related  genera,  mainly  didii>i 
guished  by  their  dentition.     Here  also  may  be  placed  Ischy 
tus,  of  the  Upper  Cretaceous  of  Westphalia,  which  may 
have  had  two  dorsal  fins,  and  appears  to  connect  Etuhodus  with  ttt^ 
Dercetida. 

Family  Pachyrhizodomtid,*;. — Allied  to  the  preceding,  butwift  ■ 
the  body  more  compressed,  and  covered  with  either  scutes  or  scak^ 
or  both  together,  is  a  group  of  Fishes  which  may  be  provisiona&f 
placed  in  a  distinct  family.  The  premaxillse  and  maxilUe  are  Utg^ 
and  carry  powerful  teeth,  which  may  form  one  or  more  rows,  ud 
art;  set  in  incomplete  sockets,  and  anchylosed  to  the  bone ;  while 
the  abdominal  vertebrae  are  characterised  by  their  longitudinri 
striation  and  the  absence  of  deep  pits.  The  type  genus  Ptukfrid^ 
odus  {Hyfsodon  in  part)  ranges  in  Europe  from  the  Chalk  to  the 
London  Clay,  and  also  occurs  in  the  Cretaceous  of  North  America; 
its  teeth  are  so  like  those  of  Reptiles  that  a  lower  jaw  was  described 
as  belonging  to  a  species  of  Mosasaurus.  Mmpo,  of  the  North 
American  Cretaceous,  may  be  certainly  placed  in  this  family;  in 
which  we  may  also  probably  include  Siratodus,  of  the  Upper  Cre- 
taceous of  both  Europe  and  North  America.  An  allied  type,  fiom 
the  Lower  Miocene  of  Belgium,  has  been  described  under  the  [m- 
occupied  name  of  Amphodon. 

Family  Saurocephalid*  (Saurodontid<e). — The  last  family  of 
the  Saurodonts  are  laterally  compressed  Fishes,  in  which  the  maTrilltf 
and  premaxillae  are  large,  and  carry  powerful  teeth,  which  are  usually 
implanted  in  distinct  sockets.  The  dentary  bone  of  the  mandible 
has  but  a  single  row  of  similar  teeth,  and  there  are  no  teeth  on  the 
palatines  and  ectopterygoids.  The  vertebrae,  with  the  excepticm  of 
those  of  the  cervical  region,  carry  two  deep  grooves  and  pits  wi 
their  lateral  surfaces.  The  type  genus  SaurocepAalus  is  represented 
in  the  Cretaceous  of  North  AJnerica,  and  also  by  a  single  species  in 
the  topmost  Cretaceous  of  Maastricht,  in  Holland ;  the  teeth  are 
subequal  and  closely  approximated.  Icktkyodeetes  and  PoHheus 
(fig.  937)  also  occur  in  the  Upper  Cretaceous  of  both  Europe  and 
North  America ;  the  latter,  which  extends  down  to  the  Gault,  attain- 
ing large  dimensions,  and  being  characterised  by  the  great  crest  in 


the  lypi'cit  American  one  wiih  /fhthyodtda.     Saurodon 
the  Upper  Orccnsand  of  New  Jeisey ;  wbU«  wn  may 


m 


~n*  aBttrier  poni^i  «f  ihe  ihctttM  of  Ptrtktitt  mtUaui :  Fnm  ihc  CnUMOut 
afHotthABvtcb    Grail)- n.hKvd,    (AfWr  Copt.) 

Ily  place  in  this  faintly  the  impeifcctly  known  Tom^gnaiAus, 

;lish  Chnlk,  in  which  the  teeth  were  anchyloscd  to  ihc 

at  sockets,  and  had  subc)-lindrical  crowns  enamelled 

sbalili:  Saurodonl,  of  which  the  family  position  cannot  be 
niay  be  mentioned  Giganlicfifhys  {Titttnichtfryi),  founded 
of  very  large  sim,  from  Ihe  Cretaceous  of  Eg>'pt. 
GoNOR)iVNCtlu*«. — Wc  may  now  briefly  niciuion  five 
jittjng  families  related  to  the  Salmonoid^  and  Clupeoids. 
I  of  these  is  now  Feprescnted  only  by  a  single  species  of 
w^inu  found  on  the  coasts  of  South  Mricii,  Australia,  aiid 
JCKacly  allied,  however,  is  A'otcgtyiKUS,  from  Ihc  Eocene  of 
|,  which  is  mainly  distinjjuished  by  its  di>niition. 

OsTEOCiXisslDyE. — Thc  second  family  is  now  represented 
^mm  of  South  Africa,  Sumatra,  and  Queensland ;  the 
llimt  of  the  Brazilian  rivers  ;  and  HeUrotU  of  several  of 
iith  Africa  :  thus  nresenline  a  sirikins  examtilc  of  discon- 
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that  it  should  not  rather  be  placed  in  the  allied  Americsn 
Hyodontida. 

Family  Esocid£. — ^The£iC(7</«arenow  represented  bytbel 
(EsQx)  of  the  rivers  of  the  Northern  Hemisphere.    They  are  i 
tensed  by  the  margins  of  the  upper  jaws  being  formed  by  ^  | 
maxiltse  and  maxillae ;  by  the  presence  of  small  conical  teeth  i 
palate ;  and  the  absence  of  an  adipose  6n,  and  the  positi<»i  of] 
dorsal  in  the  hinder  part  of  the  body.     Species  of  Ea>x  \ 
the  Upper  Miocene  of  CEningen  in  Switzerland,  and  the  Pie 
of  Silesia ;  while  the  extinct  Sphenolepis,  of  the  Upper 
Paris  and   the  Eocene  of  Aix  in  Provence,  characterised  hfj 
wedge-shaped  scales,  is  considered  to  be  allied.     Recent  writeni 
place  in  this  family  the  marine  Istiaus  of  the  Chalk  of  We 
and  the  Lebanon,  in  which  there  is  a  long  dorsal  fin  occupyiif  ' 
greater  part  of  the  back. 

Family  ScoMBRESOCiDiE. — The  members  of  this  family 
inhabit  tropical  and  temperate  seas,  and  are  best  known  by  the  i 
pike  {Belone)  and  the  Flying-fish  {Exocaius).  The  jaws  are  I 
as  in  the  last  family  ;  the  dorsal  fin  is  placed  above  the  anal  in  fli 
caudal  region,  and  there  is  no  adipose  fin.  Belone  is  found  in  tk 
Miocene  of  Licata,  in  Sicily ;  while  Hohsteus  of  the  Middle  Eooa 
of  Monte  Boica  is  an  allied  genus.  The  living  genus  Ext)eatm\ 
characterised  by  the  enormous  development  of  the  pectoral  fins,ai 
was  preceded  in  the  Chalk  of  the  Lebanon  by  the  nearly  relatt 
Mxocatoides. 

Family  Cyprinodontid,e. — The  Cyprinodonts  are  mostly  smil 
carp-like  fishes,  inhabiting  the  fresh,  brackish,  or  salt  waters  of 
considerable  part  of  the  world;  and  readily  characterised  by  the  {«> 
sence  of  scales  on  the  head,  and  the  absence  of  barbels.  Spedi 
of  the  type  genus  Cyprinodon  {Lxbias)  occur  in  the  Middle  ar 
Lower  Miocene  of  the  Continent,  while  the  CEningen  beds  hai 
>nelded  a  species  referred  to  the  South  American  genus  Pted/ia, 
comparatively  large  Cyprinodont  has  been  described  from  the  PB 
cene  of  India. 

Family  Cyprinid.e. — The  important  family  of  Carps  is  ve 
numerously  represented  in  the  freshwaters  of  the  Old  World  ai 
North  America.  There  are  no  scales  on  the  head ;  the  mai^ 
the  upper  jaw  is  formed  by  the  premaxillse ;  there  are  no  teeth 
the  jaws  ;  there  is  no  adipose  fin  ;  the  lower  pharyngeal  bones  cai 
one  or  more  rows  of  teeth ;  and  the  mouth  frequently  has  barbe 
The  body  is  more  or  less  compressed,  and  is  often  comparativf 
deep.  In  the  Miocene  of  the  Continent  we  have  representatives 
the  following  genera  now  living  in  Europe — viz.,  Cyprinus  (Caq 
Gohio  ((Judgeon),  Ltuciscus  (Roach  and  Dace),  Tinea  (Tencl 
Rhodeus,  which  is  mainly  Asiatic,  Aspius,  and  Cobttis.    Acanthopi 


^^^^^^^^^■IBiua)    miiuu  luc   piuuuuijr   uiuic   ur    less 

to  those  now  inhabiting  the  lianic  region. 

ScopcUDAL — The  Scopeloids  are  marine  fishes  allied  lo 

(with  «hich  tbey  agree  in  the  structure  of  the  jaws),  in 

tx»dy  may  he  naked,  and  there  are  neither  barbels  nor 

They  are  represented  in  past  epochs  by  Htmhaurida^ 

lUK  of  I&trio,  which  it  allied  to  the  living  Saurui,  and 

r'ut  and  Anaf^rus  from  the  Miocene  of  Sicily,  of  which 
is  related  to  Parairph  now  found  in  the  «ame  region. 

Sit.cttiD,e. — The  Siluroids  or  Cat-hshcs  form  a  large 

fresihwatCT  fiihcs  of  not  less  importance  than  the  Carps, 

all  temperate  and  tropical  regions,  and  in  some  ca»cs 

,tbe  sea.     The  skin  is  cither  naked  or  covered  with  bony 

■re  alwaj-s  harl>cls,  which  freciucntly  have  a  bony  axis  ; 

of  the  upper  jaw  is  formed  by  the  picinaxilla; ;  there 

liar ;  and  there  may  or  may  not  be  an  adipnite  fin. 

of  the  Siluroids  is  often  remarkable  for  the  great  develop- 

the  supmocctpital  (fig.  93S),  and  the  presence  of  derninl 

MM  in  the  region  of  the  neck,  which  spread  over  the  nape, 

ulate  with  the  bones  of  the  secondary  pectoral  girdle.    The 

second  intcrspinous  bonra  of  the  neck  frctjucntly  also 

large  bony  buckler,  bdiind  which  ihe  long  dorsal  spine 

by  means  of  a  ring  with  the  first  interspinal ;  and  this 

be  fixed  in  an  upright  position  by  a  curiou;;  mechanism 

witJi  the  secortd  interspinal.     'ITic  "  helmet "  of  the  nape 

poniinuous  wiih   the  "Injckler,"  and  these  hones,  together 

kc  of  the  cranium  proper,  arc  frequently  ornamented  with  a 

Kulpture.     The  pectoral  fins  frequently  carry  a  spine  as 

that  of  the  do«aL     The  ph.ir>-ngeal  teeth  arc  generally 


points  in  which  the  Siluroids  resemble  the  Plncoder- 
idi,  I'rofcssof  Huxley  has  suggested  that  we  may  rc- 


falAIAfl    rn    ih*   «n^*ctnm    nf    iKft    ^vicH'nT 
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Eoceoe  of  Barroc  we  hzve  SC^zoids  icfened  to  tbe  existing ' 
genos  Jrinj  ;  uie  pec^iliir.  sixneviui  bean-shaped,  otoliths  ( 
dihfs  beinz  doc  cscomsoa  ia  the  Bancn  beds.  It  is  inti 
to  notice  the  aasociuioa  in  tbe  English  Eocene  of  ^uroii 
Oocodiles  aruf  Trknvchocii  Ovlocustts ;  the  three  grot^ 
found  together  a:  the  present  dij  io  India  and  Airica.  The 
of  Smnaoa  ais  yielded  renuins  of  exdoct  species  of  th( 
Oriental  genen  PstrnJctr^miu  and  Sa^rini,-  the  last-oamec 
being  also  represen^d  in  the  Ptiooene  Sivaliks  of  India 
gigantic  B.  Yarrtiii^  now  inhabit 
Ganges.  The  same  beds  have  also 
renuins  of  Ciarimi,  now  found  in  b 
Oriental  and  Ethiopian  regions^  crf'a 
belonging  to  tbe  genus  JSe^r^ramt 
93S).  wbicfa  is  now  ccxifined  to  tt 
and  not  improbably  also  of  Ckrysiti 
trofHcal  Africa.  The  »^«ring  Ji 
aor  of  the  Indian  and  Biinnese  rii 
also  left  its  remains  in  tbe  Siwaliks 
tbe  cluuacierisdc  Oriental  genus 
likewise  rqiresmted  in  the  same  d 
Finally,  of  the  widely-distributed 
Anus,  which  we  bare  already  me 
ftom  the  English  Eocene,  there  is  e 
of  two  Siwalik  species ;  one  bein^ 
rently  neariy  allied  to  a  laige  exialii 
Afticin  form.  In  the  Eocene  of 
America  there  occurs  the  genus  iUi 
which  has  \'omerine  teeth,  and  i 
allied  either  to  Ariia  or  to  JH* 
from  the  same  deposits  have  been   referred 


Fi(.  ajS.— Upw  rieir  of  tbe 
llnill  of  HltmtTWJKkiu  inUr- 
mtdiMi;  fiam  ike  Si!*.  Qm:- 
half  ruiDT^  lire-  m,  Suprvxa- 
piul.  *BAi.  Fttjatii -ncailK*: 
ett,  Eihmoid ;  /r,  Fnmial;  tr, 
Orini ;  n/.  Sapnoccipilal:  I- 


TutbinaL 
omiiioL 


Tbe    sculpture 


while  spines 
latter  genus. 

Family  Mur.«:md^ — The  last  family  that  we  have  to  nc 
this  suborder  is  that  of  the  Eels.  In  these  fishes  the  body  ii 
elongated,  and  either  naked,  or  covered  with  rudimental  scali 
toothed  maxillae  form  part  of  the  border  of  the  upper  ja 
there  are  no  pelvic  fins.  Of  the  freshwater  forms,  Ai^idh 
ranges  from  the  present  date  to  the  Chalk  of  the  Lebanon, 
abundantly  represented  in  the  Miocene  of  CEningen  and  the 
Eocene  of  Monte  Bolca.  The  Marine  forms,  or  Congers,  an 
sented  by  species  of  the  existing  genus  Opktchthys  in  the 
Bolca  beds ;  and  by  the  extinct  Spha^branchtis  of  Uie  latter  d 
and  Rhynchorhinm  of  the  I^ndon  Clay.  Peculiar  larval  fo 
the  type  known  as  Leptocepha/t  occur  in  the  Continental  Tei 
some  of  which  are  probably  referable  to  this  family. 
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BCKMincM  7.  AwACAXTHmi. — In  this  and  the  four  rollowing  su1>- 
fKn,  icf  ether  forming  the  Physoclyrtti  of  Mime  writers,  thv  snim- 
Iddcr  (when  pcesem)  has  no  connection  with  the  pharynx,  and 
i  pelt-ic  fins  arc  nearly  al«-2>'s  thoracic  or  jugular  in  position — in 

ibtter  case  being  in  advance  of  the  pectorals.     The  present  sub- 
s  is  further  characterised  t)y  the  rays  of  the  dorsal  fin  being  soft 
jointed,  and  the  pelvic  fin  never  abdominaL 
iiLT  Gadii^c — In  the  Cod  family  the  body  (fig.  939)  is  sym- 
■nd  covered  with  smaJI  scales  ;  there  tna.y  lie  three  dors:i1 


,  tad  the  pelvic  fins  are  jiij;ular.     All  the  genera  are  marine, 
:the  family  i«  unknown  Wore  the  Eocene.     The  extinct  AVww>- 
^yx  and  Paiao^pidiii  have  been  described  from  the  Eocene  of 
■^;  while  in  the  London  Clay  of  Slicppey  we  luve  swedes 


H  to   GoAts  (Cod),  Mcrhidus  (KaltL'),  and  Pkysis.      Other 
^Bds  occar  in  the   Mio<:Gne  of  Hicily. 

■^ilULV  Plbvkonectid£. — The  Klal-fishcs  arc  characterised  by 
le  laiecal  compression  of  the  body  (fig.  940),  of  which  the 
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fore  part  and  the  head  are  not  bilaiLTilIy  it)*inincmc.il. 
with  one  side  upwards  and  the  other  downward,  the  bcsd 
Twisted  round  so  as  to  bring  the  two  eyes  upon  that  side  ^ 
becomes  the  upper  one,  and  which  alone  is  coloured.  Theft 
swim-bbdder,  and  the  dori;.-!!  and  anal  finK  occupy  almost  the  4 
length  of  the  body.  Remains  of  a  species  of  /^AoweAworT 
{fig.  940)  ate  fownd  in  the  Middle  Eocene  of  Monte  Bote* 
those  of  a  Jif/m  (Sole)  in  the  Miocene  of  \V'urteinbcrg. 

Suborder  3.  Pkar^iigognatki.  — In  thi»  ittnall  subon 
portion  of  the  rays  of  the  dorsal,  anal,  and  pelvic  fins  a  fd 
by  non-articuLated  siiincs.  The  lower  pharyngeal  bones  art  tU 
and  the  &w  ini-bladdcr  has  no  ducL 

Famii-v  Pomacextkiu*. — Of  this  large  family  the  only  Eon 
fosfti)  representative  is  Odonffus  from  the  Middle  Eocene  of  I 
noica,  which  is  allied  lo  the  cxi.sting  Ileliastcs :  but  Ptofciisor 
thinks  that  Priscaiara  from  the  Kocene  of  North  America 
perhaps  be  referable  to  it,  although  vomerine  tccih  arc  preseoi 
the  members  of  this  family  have  ctenoid  scalei. 

Family  LAUKiD'fi — The  Wrasses  are  a  large  family  of  I 
fixhes  most  abundant  in  tropical  and  temperate  regions,  and 
acicriacd  by  their  cycloid  scales,  the  single  dunso]  fin,  the  tb 
position  of  the  pelvic  fins,  and  the  absence  of  teeth  on  the  | 
Many  of  them  have  the  lips  greatly  thickened ;  and  the  phar] 
bones  bear  molariform  teeth.  The  cxistitig  genus  Labms  is  rec 
from  the  Middle  Bnccnc  of  Monte  Doica  and  the  Miocc 
Switzerland  ;  while  SaurinkAthys  of  the  Miocene  of  France  a] 
allied  to  the  living  Odaana,  Frctn 
of  the  Eocene  of  North  America  i 
ancestral  form  of  Uie  Black-fish  (TUi 
of  the  same  country. 

Family  Pharvncodomud/E. — Am 
of  extinct  fishes  more  or  less  nearly 
lo  the  Wrasses,  but  differing  in  several  j 
very  markedly  from  that  family  are  reg 
as    forming  a  group  by  themselves. 
t)Tie  genus  Pharyn^dopUus  (Numm 
tHs)  occun;  in  the  French  Miocerte,  a 
the  Tcniary  of  the  Canaries ;  closely 
to  which  i.*  Fhyllcdus  from  the  Creta 
of  Ocxniany  and  the  London  Clay  of 
ITcy,  derived  leeth  being  also  found  f 
SuiTolk  Crag.      The  pharyngeal  teeth  of  Phyihdui  (fig.  941 
remarkable  for  their  thin  and  leaMike  i>lructure,  and  oko  It! 
rapid  manner  in  which  they  arc  succeeded  from  below  by 
ones.     The  imperfectly  known  Egcrionia  from  the  Lower  E 
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and  PlatyUtmus  from  the  Middle  Eocene  of  Brack- 
may  be  prorisionally  included  in  this  family. 
litr  Chromid^ — The  Chromids  are  a  family  of  iimall  fresh- 
f'Fisbcs  from  Palestine,  tropical  Africa,  and  Aint;rica ;  and  alM 
by  one  genus  in  India.  The  scilcs  arc  usually  ctenoid, 
liw  is  intcmipled,  and  the  teeth  of  the  jaws  are  very 
To  this  bmily  ht  referred  the  large  genus  Pyctuisterinx 
the  Cretaceous  of  the  Le1>anon ;  and  with  lcs»  certainty 
of  the  same  deposits. 
DElt  4.  AcAKTHOPTERVCii. — The  Acflnihopteryjii  form  a 
series  characterised  by  part  of  the  ravA  of  the  dorsal,  anal, 
:  fins  beii^  non-articuUied  and  forming  strong  spiia-^.  The 
[pharyngeal  bones  are  usually  separate;  and  there  is  no  duct 
swim-bladder.  Tlie  scales  are  very  generally  ctenoid. 
ILV  OniioCEfMAUUA. — The  Qphioaphalida  arc  fnahwalcr 
almost  confined  to  the  OrientaJ  region,  in  which  the  long 
^■nd  body  arc  entirely  covered  with  scales,  and  the  dorsal  and 
filK  are  loilg  and  devoid  of  spines.  These  fishes  arc  in  the 
hbl  of  btirving  themselves  in  the  mud  during  drou(;his.  The  type 
|miK  C^hiottpMalus  is  represented  in  the  Pliocene  of  India  by 
peoa  clgoely  allied  to,  if  not  identical  with  ^omc  of  those  now 
|ilbil»g  the  &an>e  area. 

'  Fauuis  FtSTUt-ARiiDX  AND  Cestrircii)^.— The  first  of  these 
knfis  comprises  the  marine  "  Flute-mouths,"  characterised  by  the 
Mf  body  and  the  production  of  the  anterior  bones  of  the  skull 
Uoa  bog  tube,  terminating  in  the  mouth,  and  by  the  absence  or 
MB  kite  of  the  scales.  The  existing  genera  Fislularia  and  Aula- 
has,  Duw  found  on  the  bordcrn  of  the  troi»cal  Atlantic  and  Indian 
IM>m,  are  represented  in  the  Eocene  of  Monte  Uoica  and  Cilarus  ; 
hSe  AmJiteafs,  now  confined  to  the  Pacific  coast  of  North  .^mcTic.^, 
Imtiul  in  the  Eocene  of  Sumatra.  Extinct  genem  from  Monte 
Blcaaic  Vroiphtn  and  Rhampfu}sui — the  former  characterised  by 
Bwcdge-likc  caudal  fin,  and  the  latter  by  a  large  spiny  ray  on  the 
dk.  A  Fistularian,  from  the  Lebanon  Cretaceous,  has  been  named 
ifaK^M/Awj,  but  the  name  is  preoccupied.  The  Cetilriicidtr,  which 
ree  with  the  ftstulariida  in  the  structure  of  the  mouth,  but  difTcr 
the  form  of  the  body,  arc  known  in  a  fossil  state  by  a  species  of 
klivittg  genus  AmphhiU,  from  Monte  Bolca. 
Bmilv  ML'c:ii.injK. — ^'rhis  and  the  two  next  fazniiies  include 
B  chatacterisied  by  the  presence  of  l«'o  distinct  dorsal  lins,  of 
Bch  the  first  is  either  low,  or  ha&  weak  spines ;  and  by  the  ab- 
■moal  positioo  of  the  pelvic  (ins,  which  have  ^ve  rayii  and  one 
bie  The  Grey  Mullets  inhabit  the  coasts  of  tropical  and  tcm- 
rate  s«as,  and  have  cydoid  scales  with  no  lateral  line.  The  recent 
Mu^l  occurs  in  the  Upper  Eocene  of  Aix;  and   Calamo' 
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plmrus,  of  the  European  Chalk,  with  which  the  North 
genus   Syllamus    is    probably   identical,   may  be    placed 
family. 

Family    ATHERiNiDiC — These  fishes,    which  differ    from 
Mullets  by  the  presence  of  an  indistinct  lateral  line  and  the] 
number  of  the  vertebra,  are  represented  in  the  Middle 
Monte  Bolca  by  two  minute  species  of  the  existing  genus  Ati 
and  also  by  the  extinct  Mesogaster. 

Family  Sphyr/enida:, — The  Barracudas,  in  which  the 
line  is  continuous  and  the  vertebrae  are  not  numerous,  are 
at  the  present  day  only  by  Sphyrana,  of  which  some  spades 
a  length  of  eight  feet.     That  genus  occurs  in  the  Middle  Eoccocl 
Monte  Bolca,  and  has  also  been  recorded  from  the  Uppcf 
ccous  of  the  Lebanon  ;  but  it  is  probable  that  the  latter  fonn  I 
to  one  of  the  Saurodont  Phj-sostomi.     Cladocyclus,  from  the  U| 
Cretaceous  of  England  and  Brazil,  is  an  extinct  genus. 

Family  Blenniid^g. — The  Blennies  form  one  of  four  families  if 
but  little  palfeontological  importance,  in  which  there  is  a  long  danrf 
fin,  which  may  be  entirely  spinous ;  and  the  ventrals,  if  present,  M 
either  thoracic  or  jugular.  It  is  probable  that  Pterygoaphaius,  foM 
the  Middle  flocene  of  Monte  Bolca,  should  be  referred  to  tbt! 
family. 

Family  Gobiid^. — The  Gobies  belong  to  another  group  of  fl« 
suborder  comprising  two  families,  into  the  characters  of  whidi  il 
will  not  be  necessary  to  enter.  They  are  represented  in  a  foaa 
state  by  the  existing  genus  Gobius,  from  the  Monte  Bolca  Eocene 
and  the  extinct  Chirotkrix,  from  the  Upper  Cretaceous  of  thi 
Lebanon. 

Family  Dactyloptf.rid*  {Cataphracti). — This  and  the  nextsb 
families  form  a  group  of  considerably  more  interest  to  the  paheoo 
tologist  than  the  preceding.  They  are  collectively  known  as  tb 
Cottoscombriform  section,  and  are  characterised  by  the  presence  o 
spines  in  at  least  one  of  the  fins ;  by  the  dorsal  fins  being  eithe 
continuous  or  close  together ;  by  the  spinous  dorsal,  when  present 
being  short ;  and  when  the  latter  is  absent  by  the  length  of  the  sol 
dorsal.  The  pelvic  fins  are  always  jugal  or  thoracic  In  the  preset 
family  the  body  is  cylindrical  and  elongate,  with  a  coat  of  bon 
scutes ;  the  dentition  is  weak ;  and  the  pelvic  fins  are  thoradi 
Petalopteryx,  from  the  Middle  Eocene  of  Monte  Bolca,  is  considere 
to  be  related  to  the  existing  Dactylopterus,  in  which  the  pectora 
are  lengthened  to  an  enormous  extent. 

Family  Cottid.*;. — This  family  is  best  known  by  the  freshn-ab 
Bull-heads  {Colfus)  and  the  marine  Gurnards  {Trig/a),  The  bod 
i^  more  or  less  oblong  ;  the  dentition  weak ;  the  dorsal  fin  is  usual) 
divided,  with  the  soft  portion  the  larger ;  and  the  pelvic  fins  ai 
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rfc.  aix)  goictally  have  five  soft  raj-s.     Cothts  itself  occun:  in 
Upper  Miocene  of  (Eninf^en  ;  while  ihc  Upper  Eocene  of  Aix 
ibc  extincl  Lepidocattus,  cli^m)^ishcd  by  its  acnoid  scales. 
oocun  in  the  Europc-in  Tertiaries. 

iiLv  Traciiimd*. — This  family  comprises  a  numlwr  of  genera 

r«inill  marine  Fishts  distributed  over  ihe  greater  pan  of  the  world, 

i  which  the  body  is  long  and  slender,  and  may  or  may  nol  have 

The  dorul  nn  may  be  either  single  or  divided,  but  its  soft 

is  always  much  longer  than  the  spinous.     To  iht»  family 

probahljr  be  referred  the  naked  Callipreryx,  from   ihe  Middle 

of  Monte  Boica;  while  TrtuAiiiopiij,  of  the  Upper  Tcrliar>- 

Sfwin.  i<  ronsidervd  to  be  allied  lo  the  existing  TretMnus — a 

cLtiDLt  genus  bving  Pitujvth'gimis,  of  the  Sicilian  Miocene. 
Fi^iLV  SCOMBRIUX. — The  Scom^riJit,  typically  represented  by 
ckercb  {S^m^r),  but  also  compitsing  other  pcUgic  Fishes, 
by  the  oblong  and  scarcely  compressed  body,  ihc 
jpcd  dentition,  the  two  dorsal  fins,  the  general  presence  of 
in  (he  poslcrioi  pari  of  the  body,  and  the  thoracic  position  of 
I  pelvic  fins,  which  have  one  spine  and  five  rays.  In  the  Miocene 
[  Eocene  of  Europe,  we  meet  with  species  of  the  existing  genera 
(Mackerel),  Thynnm  (Tunny)!  i»nd  CyNum,  one  Lower 
species  of  die  latter  having  been  described  under  the 
of  Sa>mi>avJfin,  Curiously  enough,  the  specialised  genus 
■  (Sacking-fishes)  is  found  in  the  Lower  Eocene  of  CMariis. 
{S^i^amodtts)  is  an  extinct  genus  from  the  Lower  Eocene 
and  the  I-ower  Miocene  of  Belgium,  characterised  by 
:  development  of  its  dentition,  and  iu  single  row  of  conical 
Iceth.  Other  cilinct  genera  are  Paiimphyes  and  /surus, 
the  T'ower  Eocene  of  GlnriLS  and  Ortynus,  from  the  Middle 
of  Monte  Boica.  The  exiting  Pelamys  bos  been  recorded 
the  Lower  Miocene  of  Belgium. 
Famiuy  CoRVrH.¥:.Nit).e.— Another  pelagic  family  allied  lo  the 
preceding  t&  represented  by  the  well-known  CoryphKnaa^  popularly 
knowD  by  the  misnomer  of  Dolphins.  The  body  is  compressed; 
the  toeth,  if  present,  an*  small  and  conical ;  and  there  is  a  long  un- 
divided dorsal  6n,  without  a  distinct  spinous  portion.  IIk  existing 
genu  Afrm  {Gaitnxntmus)  is  found  in  the  Middle  Eocene  of  Monte 
Boloi ;  while  the  family  is  also  represented  by  the  extinct  Cetihgna- 
tims,  of  the  Ijondon  Clay. 

Kamilv  C\TTlu.-E, —  I'he  Dories  have  the  body  very  deep  and 
iBiich  compressed,  with  the  dorsal  fin  divided,  and  its  spinous  por- 
tioa  taller  than  the  soft  part,  atvd  the  pelvic  fins  thoracic.  'Ihey 
ate  repnnentcd  by  a  species  of  the  existing  genus  Zeus,  in  the  Mio- 
c«»c  of  .Sicily,  and  also  by  the  extinct  Cytloides^  of  the  Lower  Eocene 
of  Glanis. 
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Family  Carancid.k. — Of  gical  intcrcsi  to  the  paloeortoiogiitj 
the  so-called  Horse- Mackerels,  on  account  of  the  beautiful 
lion  of  some  uf  the  fossil  forms  in  the  Middle  Eocene  of 
Bolca.     'fhe  body  ik  more  or  less  compressed,  and  may  be  ob 
or  deep,  and  cither  with  or  witUout  scales.     The  dorsal  lin, 


Fig'  ^^~-^*ftit/k*rMt  TvlrtMnt :  froai  ihc  Middle  lieccAc  ot  MiHiM  &al^     a,  Ao^ 
C.  Cauilkt ;  u,  DirTHl :  r.  FeckimI  ;  T,  PeIvIc  <iii>  | 

I 

may  be  tingle  or  divided,  has  the  spinous  smaller  than  the 
part ;  and  the  pelvic  fins,  if  present,  are  tlioracie.  One  of  the  I 
retnarlcahle  extinct  genera  is  Semiopharus  (fig.  941),  in  whiclll 
dorsal  fin  is  of  enormous  height,  while  the  pelvic  6ru  are* 
greatly  produced.  This  genus  is  knoum  only  frona  the  14 
Bolca  Eocene.      Other  extinct  Teniar>-  genera  are  FfaidffBi 


^ 
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Caranx  {Carangopsis),  Argyriosvs {Vomer),  Liehia,  and 
and  Equula,  from  the  Miocene  of  Sicily. 

Family  Acronurid-e. — The  last  family  of  the  Cot 
form  section  comprises  tropical  marine  Fishes,  popularly  known  I 
Surgeons,  which  are  readily  recognised  by  the  sharp  spine 
ing  each  side  of  the  tail.     The  body  is  compressed,  and  oblong  i 
ovate,  with  small  scales ;  the  front  of  the  jaws  has  cbisel-Iike  < 
pointed  teeth ;  and  the  dorsal  fin  is  undivided,  with  the  spioawl 
portion  less  than  the  soft.     This  family  is  represented  in  a  fodl 
state  by  species  of  the  existing  genera  Naseus  and  AcaHt/ama  bm,\ 
the  Middle  Ek)cene  of  Monte  Bolca. 

Family  TRicHiURiDiC. — The  next  section  of  the  subaFdcrii| 
represented  by  the  existing  Scabbard-fishes  and  the  extinct  J'aJm-  \ 
rhynchida.  These  Fishes  are  characterised  by  their  elongated,  ccid-  ■ 
pressed,  or  band-like  bodies,  furnished  with  long  dorsal  and  uil 
fins,  of  which  the  former  may  be  divided  into  a  number  of  fink)^ 
somewhat  after  the  manner  of  the  Ganoid  genus  Fofypterus.  Al 
these  Bshes  are  marine,  and  are  found  in  tropical  and  subtFopkd 
seas.  Species  of  the  existing  genus  Lepidopus  (Scabbard-lish)  occ« 
in  the  Miocene  of  Sicily,  while  Hemitkyrsites  and  TViehiuritktkft, 
of  the  same  deposits,  are  forms  allied  to  the  living  Thyrsites  uid 
Triehiurus,  but  differing  by  having  the  body  scaled.  Xiph^trjt 
is  another  extinct  genus  from  the  European  Eocene ;  while  Am»- 
ckylum,  of  the  Lower  Eocene  of  Glarus,  resembles  Lepidopus  excqit 
for  the  presence  of  some  long  rays  in  the  pelvic  fins,  and  the  two 
are  probably  identical. 

Family  Pal^orhynchid*. — The  members  of  this  family  differ 
from  the  last  by  the  production  of  the  jaws  into  a  long  rostrum, 
which  is  either  edentulous  or  provided  with  very  small  teeth.  The 
dorsal  fin  occupies  the  whole  length  of  the  body,  and  the  anal  is 
also  elongated  and  reaches  nearly  to  the  forked  caudal.  This 
family  is  known  only  by  Hemtrhynckus  from  the  Eocene  of  the  Paris 
basin,  and  Pahforhynehus  from  the  Lower  Eocene  of  Glarus. 

Family  Xiphiid*. — The  Sword-fishes,  which  are  of  pelagic  habits, 
and  generally  attain  very  large  dimensions,  are  characterised  by  the 
production  of  the  upper  jaw  into  a  long  spear-like  rostrum.  They 
are  represented  at  the  present  day  by  Xiphias  (fig.  944),  in  which 
pelvic  fins  are  wanting ;  and  Hisfiophorus,  in  which  these  organs  are 
long  and  filiform,  and  the  dorsal  fin  may  be  of  great  length  and 
height.  Fossil  Sword-fishes  from  the  London  Clay  have  been 
referred  to  Histiophorus  {Tetrapturus),  although  it  is  not  certain 
that  they  may  not  prove  generically  distinct  The  genus  CaJorkyn- 
chus,  which  was  formerly  referred  to  this  family,  is  noticed  among 
the  Chimeroidei. 

Family  Berycid/e. — The  Berycidte  are  characterised  by  the  pres- 
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of  mucous-bearing  cavities  in  the  head,  and  by  the  pelvic  fins 

(except  io  Morwcfntrii)  a  single  spine,  and  more  than  five 

This  bmil)-  is  one  oC  the  oldest  of  the  suborder,  lieing  nbun- 

tvpmoitcd  in  the  Chalk.     The  Tossil  gcner»,  which  may  he 

in  olphabetioil  order,  are  a»  follows — viz.,  Acragaster,  from 

Upper  CreUoeoiu  of  Westphalia ;  Bfrya^iis,  from  the  CreU- 


oT  England ;  Seryx,  in  which  there  is  one  dorsal  tin  with 

tftiocs,  is  represented  by  a  single  species  in  tlie  Kurojjcan 

,and  by  two  species  in  the  Chalk  of  the  Lebanon,  while  it  is 

at  the   present  day;    J/olotenirum,    from    the    Middle 

of  Monte  Eolca,  the  Miocene  of  Malta,  and  tropical  seas 

! present  day;  HamoHotui,  fioni  ihe  Cretaceous  of  both  Kng- 

ihc  Lebanon  ;  Ho^opuryx  (fij(.  9.(5),  in  which  the  spinous 

kA  the  donal  fin  is  grently  devclupcd,  And  there  are  aUo  four 


Fif-fAj.— JVMIy«r<9<  J/Bfxinui^.'  Inim ib« Upper CluUlt  o( &iuau.    lUdaM)!. 
(Afta  hLini*!!.} 

;wnes  in  advance  of  the  nnal,  is  known  from  ihe  Upper  Cre- 
of  twlh  Europe  and  the  I.«-b;inon  ;  Mynprislis,  from  the 
Middle  Eocene  of  Monte  Boica,  and  now  found  in  tropicnl  seas ; 
PristigrHytt  from  Monte  BoIca ;  Pseudoberyx,  from  the  Chalk  of  the 
I^b.'tnon,  characterised  by  the  almost  atidominal  position  of  the 
pdvic   5ns ;  SpAtiuxtphaJut,  from  the  Upper  Cretaceous  of  West- 


toiz 


CLASS  PISCES. 


phalia ;    and  S/tnrs/i^ma,   frnm  the  EngUsli  Cbalk,  of  irhtdi 
affinity  is  somewhat  doubtful. 

Pekcikorm  Section. — The  remaining  faniiliea  of  this  sub 
are  characterised  by  their  more  or  less  compressed  bodjr;  bjr( 
dorsal  fin,  or  6n9,  occupying  the  greater  portion  of  the  bock ;  bqrt 
strong  developinent  of  the  spinous  part  of  the  dorsal  fin, 
at  least  as  long  as  tlic  soft  portion  ;  and  by  the  sofl  anaJ 
irg  lo  the  soft  donu).     The  [wlvic  fin*  are  thoracic. 

Family  Scorp.enid.^ — This  family,  which  is  allied  to 
lowing,  but  h.ts  villifomi  tccih.  is  known  in  a  fuiisil  state  only! 
species  of  the  type  genus  Si6rf^na,  from  the  Eocene  of  AJgcril. ; 

Family  Sfakid*.  —  Tlic  Sea-Breams    resemble   the 
which  we  shall  notice  immediatoly,  in  general  appearance,  bol 
mouth  is  cilhcr  provided  in  from  with  chiscl-lilcc  teeth,  nr  on 
sides  with  molariform  ones.     All  of  them  inhabit  tropical  .indt 
pcrate  seas.     Among  existing  genera  the  sphnerciidal  palatal  teeth* 
Chrysof<hrys  occur   in  the  Red  Crag  of  Suffolk,    the    Miocene 
Malta,  and  in  beds  in  the  Canaries,  which  are  probably  refenbkl 
the  same  epoch  ;  while  Sarg;Hi  is  recorded  from  the  Miocene 
France  and  Wiirtembcrg,  the  Upper  Eocene  of  Algeria,  and 
older  Tertiarj-  of  New  Zealand  ;  and  Pa^llus  occurs  in  (he  Chafti 
the  Lebanon.     It  appc.its,  moreover,  that  many  of  the 
palatal  teeth  of  Chrn<*phrys  have  been  described  as  SfiMarodus,  ■ 
the  anterior  cutting-tccth  of  the  same  genus,  together  with 
gcal  teeth  of  some  of  the  Carps,  have  been  described  as  Capita 


Re.  9fS. — Skeltuo  oiX/'tt»nltu  tnicriuati*--.!;  frefn  ilw  MUdl<  Hooawt 
Munic  Rain.    Jtcdocnl 

CuttinR-tceth  of  this  type,  described  under  the  latter  name,  ocair  ■ 
the  Miocene  of  Austria  and  Silesia,  the  Pliocene  of  Italy,  and  the 
Eocene  of  Northern  India.  Sf'amodui  {fig.  946)  is  an  e^ttinct  genus 
from  the  Midcilc  Kocene  of  Monte  Boica,  while  the  name  Stepkam- 
adut  has  been  applied  to  a  genus  from  the  Upper  Cludk  of  the 
Sahara,  characterised  Viy  the  brtvidlh  -ind  denticulated  edges  of  Ibe 
cutting-teeth.   It  may  also  be  obsen-ed  that  teeth  from  the  European 
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jhe»  have  been  described  tinder  ihe  names  of  Sargodou,  Sorui' 
and  Atima. 
fKutuY  Chxtodontida.  —  The  Coral-fishes,  or  Chatodotils, 
from  the  Pcrcoids  in  the  greater  vertical  depth  of  the  body, 
'  llie  CDOtinmtion  of  the  scales  over  the  median  firu,  aiid  nUo  by 
Utcral  tine  Mopping  »hon  of  the  caudal  fin.  'l*heir  teeth  are 
timtle-lilte.  These  marine  tropica)  fishes  (which  are  generally  de- 
pcnbetl  under  the  name  of  S^tiatttificnnes)  are  remarkahle  for  the 
fcnmne  govgeou»Re»s  of  their  colouring,  and  are  of  cotiiparattvely 
ItanQ  aui&  They  are  represented  in  the  Middle  £ocen<:  of  Monte 
Bofea  by  tbe  existing  genera  Holatanthus,  Pomacanthus,  Efikippns, 
^dmttpkagm,  and  T^xota ;  the  biter  being  now  confined  to  the 
C)rieni:il  and  Australian  reyions.  The  earliest  Chaitodont  is  Plaiy- 
porwmt,  of  the  Upper  Cretaceous  of  U'cslphalia. 

F.i«ii.>  Pkkcii>:C — With  this  and  the  next  family  of  highly 
ppecialisefl  >lshes  we  cotnc  to  the  end  of  the  existing  representa- 
•nes  of  ihc  present  subonJcr.  These  Fishes  arc  characterised  by 
[Ae  eootinuous  lateral  line  (fig.  947),  the  general  absence  of  scales 
[from  the  median  fins,  the  conical  teeth,  and  ihc  ab»«nce  of  barbcb. 
Tbey  are  all  cimivorotis,  and  inhabit  the  frc<;hwntcr$  and  couts  of 

^B  liQpical  and  temperate  regions.    The  existing  genus  Perfa  (Perch) 

OXun  to  the  Upper  Miocene  of  (Eningen  ;  while  in   the   Upper 

Eowoe  of  .\ix  we  have  the  allied  but  extinct  J'araperca.      In  the 

MjJdIr  Eocene  of  Monte  Boica,  we  find  species  referable  to  ihe 

outiflg  genera  Lahrax  (Bass)  ;  Lalti,  now  inhabiting  the  Nile  and 

Uages ;  Duks,  of  the  Indo-Pncific  ;  Semtnus  (Sea-Fcrch)  ;  Af^sm^ 

of  the  Kediteirancan  and  Atlantic  ;  and  also  Tfumpon,  nf  the  Indo- 

Plcific     The  extinct    Cr(h/^rm  and  Smtrdis  (fig.   948)  likuwiae 

otcor  in  Ihe  same  deposits ;    the  latter  being  also  fwind  at  Aix 

lad  in  the  Mmcene  of  Wiirtcmbcrg.     Atanus  and  Podoey't,  from 

the  I^orer  Eoosie  of  Glartis,  are  memljcrs  of  this  faJiiily,  which 

Wre  formerly  refcned  to  the  Beryeidie.     \\\  ihc  Eocene  of  North 

Aawica    we   have  Afiof'/otus,    presenting   characters  cynimoii    to 
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Aitdstrodon,  founded  upon  detached  teeth  from  the  Qulkj 
France ;  similar  teeth  also  occurring  in  the  Cretaceous  of  Tdl 
These  teeth  are  generally  regarded  as  pharyngeal  teeth  of  TdeoM 
although  it  has  been  suggested  that  they  may  prove  to  be 
teeth  of  Pycnodont  Ganoids. 
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CHAPTER     LI. 

CLASS   AMPHIBIA. 

GENERAL   STRUCTURE   AND   ORDERS. 

The  Amphibia,  which  comprise  the  Frogs  and  Toads,  SaUr 
Csecilians,  and  the  extinct  I^byrinthodonts,  and  are 
known  as  the  Batrachia,  agree  in  so  many  points  of  structure ' 
more  generalised  Fishes,  that  Professor  Huxley  groups  the  two  < 
together  under  the  common  name  of  Ichthyopsida.  Recent  ( 
tions  on  fossil  forms,  tend,  however,  to  show  in  the  other  ■ 
a  transition  from  the  Amphibia  to  the  more  generalised 
The  Amphibia  as  a  whole  differ  from  Fishes  mainly  by  the ' 
stance  that  when  median  fins  are  present  they  are  devoid  of  I 
rays ;  and  that  the  limbs,  when  present,  contain  the  same : 
elements  as  those  of  the  higher  classes.  They  agree  with  Fishai 
having  branchise  in  their  earlier  stages  of  life,  but  these  very  f 
quently  disappear  in  the  adult,  when  respiration  is  carried  on  enticdr 
by  means  of  the  lungs.  An  epidermal  exoskeleton  is  genen^ 
wanting.  There  is  no  amnion,  and  at  best  but  an  imperfect  alUiADii 
in  the  embryo.  In  existing  forms  the  cranium  always  artictiUtdlD 
the  vertebral  column  by  two  distinct  exoccipital  condyles,  but  in  a  fat 
I-abyrinthodonts  these  were  not  ossified.  The  mandible  articuUto 
to  the  cranium  without  the  intervention  of  a  suspensorium  ;  so  Atf 
the  skull,  like  that  of  the  Dipnoid  Fishes,  is  autostylic.  A  la^  pn* 
sphenoid  is  always  present ;  and  cranial  bones  are  largely  developed 
although  their  number  is  generally  less  than  in  Fishes.  The  extttml 
nares  are  terminal  in  nearly  all  cases.  The  vertebral  column  i 
more  or  less  completely  ossified,  and  can  generally  be  differentiate 
into  cervical,  dorso-lumbar,  sacral,  and  caudal  regions ;  the  saciun 
but  rarely  comprising  more  than  a  single  vertebra.  The  infraneun 
segments  of  the  vertebral  column  are  frequently  amphiccelous,  an 
in  recent  forms  each  bears  its  own  arch ;  but  in  certain  Labyrinthc 
donts,  as  we  shall  see  below,  the  neural  arches  are  carried  by  altei 
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eliral  sc^Trtnts  and  from  circumstances  to  he  detailed  in 
ocl  it  n  inferred  )))'  Professor  Cope  and  othcni  that  the  vertc- 
or  tsiisting  AmphilMans  are  realty  inierrentra,  currying 
airhcs  which  have  been  shifted  to  thcni  fruiu  tlic  luat 
The  ribs  may  articula[e  to  the  veneUra  by  .1  )>in^le  (uppt^r) 
process;  but  in  Salamandtoids  and  I^byrinthaduni^  the 
alto  cniry  an  inferior  rib-facet,  when  the  head*  of  the  ribs 
[Uerttly  double.  As  a  rule  no  riblcss  (lumbar)  vcftcbnc 
and  Ueriul  ribk  are  wanting.  The  lilernum,  which  is  never 
m  Ftshcs,  appears  in  the  Amphibia  in  the  middle  line  of 
and  may  be  extended  anteriorly  as  an  omo-  and  cpi- 
CijC-  97+1  ")•  '^^'  pt^toral  and  pelvic  girdles  arc  well 
;  the  former  {t^id.)  in  recent  forms  ha\'ing,  however,  no 
or  intcrclavick,  although  it  is  nearly  certain  thai  these  bone» 
mcd  in  ihc  thoracic  buckler  of  the  IjibyrinihtKionts.  A 
rod-like  precoracoid  {fig.  974,  b)  ocrurs  in  r«ccnl  forms.  In 
the  pubJi  b  frequently  uiKMsificd,  and  if  ossified  is  much 
than  the  ischium.  In  most  cases  the  ischium  and  the  car- 
or  lx>ny  pubis  of  eiihi-r  side  unite  tu  form  a  continuous 
in  which  the  obturator  foramen  is  not  represented,  although 
■  bammll  pettunition  ;  and  the  ischia  meet  in  a  ventral  sjTnphy- 
The  body  of  the  iliura  may  be  almost  wholly  in  advance  of  the 
liiu.  The  limbs  vaiy  greatly  in  their  proportionate  length 
ifiSerent  orders,  and  tnav  be  entirely  absent ;  while  thccarpnis 
tu^aU  may  \k  utiinssificd.  '["he  limb  bones  of  ihc  [.abyrinth- 
approximale  10  ihiiM;  of  the  Anomodont  Reptiles.  The 
and  taisiu  alwa)-»  have  a  centFale,  and  in  soaie  of  the  primil- 
Labpinthodonts  there  may  b«  at  legist  three  ceniralia  in  the 
TI1C  fourth  arul  fifth  tarsalia  always  remain  distinct  from 
other  in  those  forms  which  have  five  digits.  The  latter  number 
(omd  in  the  I^bjrinthodonis,  but  in  some  ci>iatin){  formti  the 
,CBtt>  Bjay  \k  TcdtKcd  to  three  or  two.  The  number  of  the 
fhbngeals  in  the  d^its  of  penledactytale  forms,  counting  from 
tic  first  to  the  lUth,  docs  not  exceed  3,  2,  3,  3,  3,  and  thi.'i  num- 
hcr  may  be  reduced  in  M>tnc  exiatin);  forms.  M  a  rule  the  tail 
ii  romporaiivelj  short. 

Teeth  are  usually  present  on  the  premaxilla,  maxilla,  vomer,  and 
dv  dentary  bone  of  the  mandible  :  but  are  generally  wanting  on 
the  paUline  and  ptmyoid,  although  pre^-m  on  the  latter,  and  also 
Qo  the  parasphenoid,  in  many  Labyiintliodonts.  These  teeth  arc 
onaUy  anchylosed  to  the  bone,  and  in  existing  forms  are  of  simple 
ttmcturc.  In  the  l.^hjiinthodonu  the  Atnictute  of  the  leeth  may, 
bovevcT,  became  very  complex  by  foldings  of  the  dentine,  this 
KTUCtnic  being  an  catrcmc  development  of  that  met  with  in  ceruin 
CUMids;  tnd  in  some  of  theiie  form&  the  usually  l;uge  pulp-cavity 
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may  be  greatly  reduced.     In  existing  forms  there  is  gc 
exoslcclcton,  and  if  scutes  or  scales  are  developed   they  arr 
in  th«  skin:   but  in  the  I^Ahninthodonts   bony  scutes  were' 
generally  present,  although  frequently  restricted  lo  the  venDal ; 
of  the  body. 

A  marked,  although  not    universal,  feature  in  the  elm  it 
cKinge  from  a  respirntion  liy  gilU  lo  one  by  lungx;   this 
bdng  accomiJiintcd    by  ulher  structural  alterations,  and 
nutnrnorphusis.     In  some  instances  only  cxtema]  gills  are  6cn 
which  form  a  plume  on  cither  side  of  the  neck  ;  and  it  is  ttiae] 
which  persist  in  such  forms  as  do  not  undergo  a  ractamc 
In  those  groups,  however,  in  which  a  metamorphosis  takes 
internal  gills  may  be  developed  for  a  short  period. 

'I'h.ii  the  Amphibia  have  taken  their  origin  from  primitnc] 
allied  (o  the  Dipnoi  and  Ganoidei  is  pretty  e%'ident.     Eviij 
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Pit  UD-^Eolarnd  ilEW  of  the  umia  niriiir<  of  ihe  cnnium  at  FrvlHtrm.  wiik  ihr* 
IWhUe  IjAyrtMkcaant  bam  >luutcJ ;  trrm  iha  pMimsn  of  Bohcnb.  A',  Niul ;  F,  Fn 
Am.  ParitOl:  S.O,  Snprunipilal :  £.f.  Epialicl  S.T..  (iupraleopwal:  6j,  S* 
P.t/.  PoMfmtal:    711.  Ja^kt:    ^.r.'.  P«iorhitBl :    <m,   1V*bii(1U:   M.S,  Uwj 


afiinily  mih  the  primitive  Ganoids  is  indeed  very  clearly  shown 
the  so-called  labyrinlhic  structure  of  the  teeth  of  nearly  alt  ihc 
Palieozoic  Amphibia,  since  we  find  a  similar  typ«  of  dental  simciure 
obtaining  in  many  of  the  early  Ganoids,  and  nowhere  else  in  the 
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ifumil  kiogdom.      The  similarity  in  the  structure  of  the 
column  of  the  earlier  Eksmohranch  and  Clanoid  Fi»hc9 
that  otf  the  Ijibyrimhodont  Amphibians   is  also  important 
pointing  in  the  same  direction, 
class  may  be  divided  inlo  the  four  orders,  I^abyrinlhodontia, 
Ecaudata,  and  Caudaix     The  ftnl   is  totally  ektiiict,  the 
is  at  prvsem  unknown  before  the  existing  epoch,  uhile  we 
i>  certiun  record  of  the  accurrcnce  of  the  Llmd  hcfore  the 
and  of  the  fourth  previously  to  the  Tertiary. 
I.   Labvkimthouontia. — Since  the  name  of  this  order  is 
i  orictly  applicable  to  alt  its  members  it  has  l>een  proposed  to 
jte  the  tcim  Stcgoccj^mla ;  but,  as  the  same  objection  might 
t  Hken  to  a  Li^^  nunil>er  of  temu  in  use,  such  a  cliangc  seems 
Using,  then,  the  labyrinihodontia  as  including  the 
ala  and  Mtcrotauria  of  Mime  wiiccra,  its  members  may  be 
by  the  following  features.     The  body  Ls  more  or  less 
led,  and  funiished  with  a  tail ;  tlie  skull  has  paired  supraocci- 
(fig.  950,  SO)t  and  its  postero-loteral  re^ons  are  roofed  over 
iposiorbttal  (P.f.o)  anteriorly,  and  a  supratempora!  {S.T)  poste- 
There  i&,  moreover,  very  generally  an  epiotic '  (■£■/);.  'he 
ariMts  (icquenily  have  a  bony  ring  in  the  sclerotic ;  and  there  'a  a 


Ffe^ 


Ifa  yi^VaMnl  np«i  of  iki  ibnclc  bocUtr  iA  Aitim*J»a  FmiarJi:  fram  llu  liannijui 
dfimoti  \w94iMa  n»utal  tin.    n(.  Inioctavick;  '/■  Clavicle;  i.tt.  !>u|inclivjcle,  <>. 

pwicial  fonunen.  Palatine  and  vonTCrinc  Iccth  are  very  generally 
{xsenl.  and  the  dentine  of  the  teeth  is  frequently  more  or  leii^ 
I-iUoi.  or  plicated,  from  tlie  sides.  The  centra  of  the  vcrtebrM, 
vbcfaare  amphicoelous,  may  be  imperfectly  os^ifitd,  and  frequently 
nuia  a  notocbordal  canal  in  the  middle.  Usually  there  is  a  buckler 
on  the  inferior  surface  of  the  thorax,  consisting  of  one  median,  and 
tw  lateral  flattened  hones,  probably  representing  the  intcicU^Hclc 
•ad  dincles ;  the  relatiotw  of  these  hones  being  shown  in  fig.  95 1. 

'  Dr  BMir  regartb  tliik  bone  as  \\tt  opisihctic  ;  Rnil  alwi  conudcn  that  the 
bat  Wk  tcnned  the  Mjiunoui  U  the  utpntctrtpoiat,  and  nV«  vtrtS. 
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Posteriorly  to  this  thoracic  buckler  an  armour  of  dcnnal  scud 
generally  developed  on  the  ventral  surface  of  the  body;  and  in  \ 
cases  this  annour  may  cover  the  entire  body,  ihc  form  of  the 
or  scalas,  then  var)'ing  considerably  in  the  different  regions. 
(Mired  pent«daml.-ite  limbs  were  tisunlly  present. 

'n>c  (itef^goids  are  always  separated  from  one  another  id 
m«dt:in  line.  The  p^.^lvt•;^  of  the  more  typical  forms  is  ren^a 
like  that  of  the  l*an<i3iiun;i n  Aiiotnudoni  Kepiiles,  presenting 
same  absence  of  an  oUiinHor  foramen. 

The  paired  suprnoecjpilal  ossifications  constitute  a  feature  I 
elsewhere  only  amun^'  the  Ganoid  Fishes ;  and  ihe  frequent 
cation  nf  the  artirular  hone  of  the  mandible  is  also  a  charicto'i 
found  elsewhere  in  the  class.     In   many  cases  the  external 
of  the  loncb  of  the  skull  (fig.  953},  and  of  the  thoracic  buckla;1 


"Fit.  f  $1.— Laurd  irkw  0/  iha  ImptTrect  Irft  niniu  nf  ihi  tn«ndihl(  of  r^iy^rmU  iWa  'i  rfi; 
fmiTi  ilw  La«W  MwBioit  of  tncJix     l~hi  kiun  inilk^c  inuium  oiiuli.     (Aftrf  HadtJ.) 

butOptured  by  a  aeries  of  irtcgulni'  grooves  and  rtdges  ;  tra%-cn«l  IB 
the  former  instance  by  a  number  of  mucous  canals,  l-'rom  the 
occurrence  of  a  similar  sculpture  in  the  Pariasaurian  AnoMO- 
donts  and  the  Crocodilians,  Professor  Secley  regards  the«!«  gnwfi 
as  directly  descended  from  Labyrinthodonts  ;  and  it  is  evident  tU 
the  passage  from  the  I  jbyrinthodonu  lo  the  former  group  of  Rtf 
tiles  is  almost  a  complete  one.  The  gills  (fig.  953)  of  the  >-ogn| 
arc  generally  lost  in  the  adult ;  but  in  one  group  the  external  g9b 
persist. 

I-ibyrintliodonis  range  in  Europe  generally  from  the  CarbonifenxB 
to  the  Trias,  and  are  especially  abundant  in  the  Permian  ;  but  ooe 
genus  {Rk'iKosaunfs)  pcrsisU'd  to  the  Lower  Jurassic,  In  North 
.\nierica  and  Indi:i  this  order  is  abundantly  represented  in  smta 
mainly  representing  the  period  from  the  Carboniferous  to  the  Tria*. 
According  to  the  views  of  Professor  Cope  and  l>r  Kritsch,  this  order 
is  to  be  regarded  as  one  presenting  generalised  characters,  some  of  ' 
which  approximate  to  those  of  modern  .^nipliibin,  white  others  are 

'  li  ihoulil  be  olaenrcil  that  In  the  fi£ure  af  the  pelvii  of  Erjppt  pvtn  in  ' 
Zitld's  Tatximlutut^e,' abili.  i..  vol.  [it,,  pt,  ii.,  p.  364,  fig,  Jji,  tbcbindctnd  { 
ulthe  Milium  U  mt.^tnkcn  for  I  he  pubu. 
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I  ;  and  wc  may  probably  regard  ihc  Aiioniodnnt  Reptiles 

[  taken  their  origin  (mm  a  group  closely  allied  to  the  l^aby- 

lt»,  if  not  actually  from  this  order.     As  regards  the  !»ub- 

of  Uie  order  there  is  still  considerable  unccriainty,  and  all 

risiotu  mint  conaequcntly  Iw  regarded  as  more  or  lc*»  pro- 
r>r  Fritsch  has,  indeed,  proposed  to  range  the  familit-s 

Ur  Mrries  or  sulKirdcni,  according  to  the  external  contour  of 
r  and  the  nature  of  the  venebral  column ;  thiti  grouping 
>vision4lly  adopted  in  the  present  work,  with  some  cmcnda- 

Mncnclature. 

tI>KR  I.  BRANCKiOS.vuiti,«. — In   Iht^  isubordLT  the  external 

tee  approadies  th.il  of  the  modern  Salainamiers.     The  ver- 

tve  centra  composed  of  a  single  piece,  which  retains  traces 

otocbonl :  the  ribs  are  short  and  straight;  and  the  neural 
dibted  in  the  middle  of  each  vertebra.  The  teeth  are 
I  itruciurc.  and  internal  gills  were  developed  in  the  young. 
Ihoriiics  include  the  next  two  groups  in  the  present  sub- 
do  the  name  of  le'jiospondyli- 

»  pRormio-viu*- — The  ifraHfkUsaurida  of  Ur  Fritsch, 
Doded  on  a  name  which  is  apparently  a  synonym,  may  be 
nown  as  the  Prolrilomda.     They  are  ch.ir.icterised  by  the 

eadih  of  the  ^uU  (fig.  950),  and  the  smooih  teeth.     Typi- 

e  palatines,  according  to  Dr  Credner,  are  small  irnnsversely 

id  bones  tying  in  the 
pan  or  the  skulL,  and 

BDg  the  maxillcc ;  this 

nent  Iwtng  similar  to 

tad  in  the  Ecaudaix 
pe  genus  Protriton 
iMmrut  or  I'ieuron- 
found  alHindamly  in 
DUO  of  the  Continent ; 

iSevelofxnent  has  been 

rked  out  by  Ur  Crcd- 

n  the  study  of  a  large 
of    specimens    of    all 
specimen    shown 

1J3  exhibits  the  neatly 

'  ddon  of  a  small  irvdividual,  while  the  details  of  the  era- 

Kture  are  exemplified  in  the  greatly  enlarged  skull  shown 

50- 

liat>  to  ihc  obser^niions  of  Dr  II.  Credncr,  u  appcats  thai 
llfesi  spedmens  known  were  25  mm.  in  knjijth,  in  which  stage 
turc  was  aquatic,  and  brcailica  by  k''l'^>  which  were  supponcd 
airs  ci^  arches.     By  the  time  they  atuiincd  a  length  uf  (rum  6a 
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to  70  mm.,  these  larvae  cast  their  gills,  and  became  ur-breaAen; 
development  bein^  thus  analogous  to  that  of  the  existing  Salt 
The  aaults  measure  from  too  to  160  mm.    In  the  course  of  1 
morphosis  the  skull  decreases  somewhat  in  width,  and  the 
buckler  grows  much  more  rapidly  than  the  scapula  and  coraooi^i 
curiously  enough,  the  pelvis  shifts  its  position,  and  thus  inc 
number  of  presacral  vertebne  from  20  to  26.    In  the  larva 
side  of  the  body  is  naked  (fig.  953),  but  in  the  adult  there  is  a  1 
armour  of  bony  scutes  on  this  aspect 

Other  genera  of  which  some  may  perhaps  be  included  in 
family  are  Ampkibamus,  from  the  Carboniferous  of  IllincMs ; 
from  that  of  Ohio;  Batrachiderpeton,  from  the  Carbonif 
Britain ;  Hykrptton,  from  that  of  Nova  Scotia  ;  Damsoma^ 
the  Permian  of  Bohemia ;  and  Sparodus,  from  the  latter 
Batrackiderpeton  is  remarkable  for  the  absence  of  maxillary ' 
and  the  clustering  of  the  palalo-vomerine  teeth ;  ^arodus  \ 
ing  the  latter  feature,  but  retaining  the  maxillary  teeth.     The 
tines  of  the  latter  genus  are  splint-like  bones  interposed  between  1 
vomers  and  maxillEe. 

Family  ApateoniD:*. — In  this  family  the  skull  (fig.  954)  b'l 
angular  and  comparatively  narrow,  while  the  teeth  are  maiked  1 
small  grooves  at  their  summits.  The  type  genus  Apatam  b : 
in  the  Carboniferous  rocks  of  Germany,  while  the  allied  Melanerptl^^ 
is  from  the  Permian  of  Bohemia.  An  enlarged  view  of  the  dcml 
aspect  of  the  skull  of  the  latter  genus  is  shown  in  fig.  954,  the  reten- 
tion of  the  internal  gills  indicating  that  it  belonged  to  an  imtnannc 
individual. 

Suborder  2.  Aistofoda. — In  this  remarkable  group  the  bodf 
has  a  snake-like  form,  with  well-developed  ribs,  but  probably  wiA- 
out  either  pectoral  or  pelvic  girdles  or  limbs.  The  teeth  are  not 
folded ;  and  Dr  Fritsch  considers  that  the  external  gills  persisted 
throughout  life. 

Family  DoLicHosoMATiDit. — This  family,  which  is  equivalent  to 
both  the  Plegothonidte  and  Molgopkida  of  Professor  Cope,  is  repre- 
sented in  the  Carboniferous  of  Britain  and  the  Permian  of  Bohonit 
by  Doli€kosoma  and  Ophidcrpelon.  In  the  former  the  skull  is  lonj 
and  narrow,  with  no  sculpture  on  the  bones,  and  it  is  probable  thit 
the  body  was  entirely  naked ;  but  in  the  latter  the  skull  may  haie 
been  shorter,  and  there  was  an  armour  on  both  surfaces  of  the 
body,  the  scutes  on  the  ventral  side  being  long  oat-like  splintti 
while  those  on  the  back  were  rounded  and  shagreen-like.  The 
ossified  gill-supports  were  furnished  with  small  enamel-like  denO- 
cules.  One  of  the  species  of  Dolichosoma  attained  a  length  of  about 
two  feet  Pkgethontia  and  Molgophis,  from  the  Carboniferous  ot 
Ohio,  appear  to  be  nearly  related.  Faiaosiren,  from  the  Penniar 
of  Bohemia,  is  a  gigantic  form  provisionally  included  in  this  faraity 


h'iih  the  length  is  eslim-ited  at  fott)'-five  feet ;  whilt:  AJfnodtnna 
tK  ^iJttc  deposits  tnay  inilicatc  a  distinct  family. 

the  many  reseinblanct^  presented  by  the  Dolichosomatida 
erirting  Apoda,  Dt  Fritsch  considers  it  prolublc  that  they 
tfa*  fCgvded  as  nearly  Klated  lo  the  ancctitral  forin,s  from  which 
fpvup  ha£  been  derived. 

>kLiEK  J.  MiCHtMAL'HiA. — Thc  Labyrinth odonts  included  in 

i  flidtonler  resemble   Lizards   in  outward  appearance,  and  have 

of  the  Tcrtcbnc  more  or  less  elongated,  and  long,  curved 

LT  Urooordyud*. — This  family — the  Ntttridia  of  I^x)fes8o^ 
and  U>e  Pty&HiiJa  of  Professor  Cope— -comprises  stout,  long- 
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kjM— L'vpn  tBT&e*  «( lb*  dtud  of  Mti»tr^t»n  /•^ilUm:  fna  ihc  Pmnun  af  I 
*■■  ^HH  •MHal  NW-  A  BnxKUai  O^.,  win-wcipluili  otbu  Itiun  ■■  in  fia- 
ThrtMak.) 


Boh*- 

9y- 


Wed  (iEffnis,  in  which  the  cpiolic  cooiua  of  the  sltull  are  much  pro- 

'  teed;  the  cranial  bones  arc  pitted  ;  thc  ncumi  ^ines  and  chevrons 

rf  Ibe  caudAl  rertcbra:  are  much  dilated  at  their  extremities  and 

I  pOxmed;  and  caudal  ribs  are  wanting.     The  lyjie  genus   U^nh 

r  iirhhti,  as   wcU  as   Ctrattrptton,  occurs  in  the  Carboniferous  of 

and  Ohio,  aod  also  in  the  Permian  of  Kohemia ;  one  sjiecies 

lonner  attaining  a  length  of  about  twenty  inches.    Ltplerpeton 

ncteristie  of  the  Carboniferous  of  Britain  and  Ohio ;  other 


gen<.Ta  fiom  the  latler  deposits  being  J'tyenitis,  (Esfoct/A 
j>fiiiima,  .ind  probably  Sauropieura, 

I-'amilv  LiMN^nrLTiD^. — In  ihc  one  genus  Zi««f//f/iwi, 

Permian  of  Bolicmia,  ihe  naked  body  is  more  elanyalcd  and  tfM 

shorter  than  in  the  preceding  family;  the  skull  being  broail 


FIr.  US'-  SuUya  ftaUU  i  (nun  the  Permian  td  BoAtHnia.  *.  Dndw  mrftcc  «kb  na 
iDorctl  on  the  Iffi  udc ;  and  B,  Rlihl  tUenl  view  of  lh(  (IwktMi  «l  the  cauM  nfi«a.  Sil 
iMitt  I'nucb.) 

Frog-like,  with  smooth  lx>ncs ;  and  the  upper  and  lower  pcoo 
of  the  caudal  vcnebra*  simple.    The  teelh  arc  small,  with  theii 
miLs  cither  smooth  or  folded. 
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ii,v  H^ix}Pt.e5i(>Mi>.«. — This  famil)'  is  readily  recognised  hy 

mewhai   lurrow  head,  the  smooth  cmnial   bon«s,  and  the  en- 

m  of  ihe  whale  body  (fig.  955,  a)  in  an  armour  of  scutes. 

Buidal  ribs  (fig.  955)  are  w«ll  developed.      It  comprises  the 

HyUpitsion,  StvUya  (fig.  95s),  Rtm^on,  ai>d  Or/hoci>Ua,  from 

ferniJAn  of  RoheniU.     Hyionomu!  and  Smi'/er/vton,  from   the 

tr.!iir^ruus  of  Nova  Scotis,  are  imperfeclly  known  fornis  vrhich 

-J  the  same  bmlly,  in  which  ca.se  the  name  Hyhiwmidir 

^w.    -v  .iii'^pted.     .Ml  the  species  are  of  small  size. 

Family    MickobrackiU-C. — This   family   tntrludcs   smalt  slender 

with  short  pectoral  limhs,  Mrongly  sculptur«U  cranial  bones, 

scutes  coveiing  the  entire  liody.     The  type  genus  MinvhraMs 

in  the  Pennian  of  Bohemia,  and  has  a  long  nanow  skull, 

speris  are  known.     Another  representative  of  this  family  i.s 

tttJuu,  of  the  Corhoniferoiis  of  Ohio,  characterised  by  its  hro.td 

apamSed  skull.     Cttyttnus,  of  the  same  deposits,  may  be  pro- 

iruU^  placed  in  this  family. 

iBCnntx  4.  L.^BVRiNTHOtiONTiA   Vp.R.*. — Thc  genera  included 
Ifats  group  arc  choraaerised  by  their  Crocodtle-like  bodies;  the 
like  centra  of  thc  vcrtclMie,  when  ihcse  arc  fuUy  ossified  ;  by 
Tertebral  column  beinj;,  at  least  in  the  young,  veiy  generally  of 
types  ktfown  as  rhackUameus  and  emMomenms :  by  the  teeth 
more  or  less  folded  ;  and  by  thc  outer  surface  of  the  skull 
iog  a  more  or  less  strongly-marked  .sculpture,  frequently  arcom- 
by   the  presence  of  the  so-called   mucous   canals.      Some 
ties   divide  this   group   into   the  Ttmncisfwndyii  and   Stent'- 
hit,  according  to  the  incomplete  or  complete  ossification  of  the 
oenlnt ;  but  Dr  Fritsth  regards  the  whole  series  us  con- 
a  single  group — a  view  which  is  >u|)ported  by  the  cir- 
e  that  in  many  of  tho«  form*  in  which  the  vertcbrfc  are 
OSBided  in  thc  adult,  in  thc  yuung  sdge  ihcir  ossification  is 
wmpiete. 
Before  proceeding  further  it  will  tie  advisable  to  briefly  consider 
luiure  of  the  above-mcnlioncd  ly-pes  of  vertebral  structure.     In 
genera  like  Dfphspotidyiut^  (DipliWtrtebron)  and   Crkotus 
OiMliil  vertebra  consists  of  an  anterior  centnim  carr)-ing  the 
aich,  and  a  posterior  intercentruni  In  which  thc  chevrons  are 
led.    Thew  iniercentra,  according  to  the  views  of  I'rofessor  Cope, 
id    with   ihc   chevron  -  ((earing    interrcnlra   of   C/r/iydra/'s 
the  Anomodoot  Repiilia,  and  the  wedge -bones  of  .S/>Ae/t- 
among  the  Rhynchocephallans ;  this  type  of  structure  being 
as  the  e/nffffiomfrous.     In  the  trunk  vertebrae  of  other  genera 
TrimerarhiKAis  (fig,  957)  and  ArfAegosaurus  each  vertebra' (fig. 


*  Thi)  naoM  bki  been  yv)^*e^  in  livw  oftbe  hjlrid  i>iftntrt4ltvH. 
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956}  consists  of  four  portions — viz.,  a  basal  intercentrum  (h 
cuiinim),  a  pair  of  pleuroccntra,  and  a  neunl  arch.  In  this 
ihfleiHous  tyjx:  Profcaor  Cope  regards  the  plcuroccntra  as 

suiiting  the  centnim    of  the 
/i     Iwlomcrous  type,  since  they 
carry  the  arch ;  and  as  he 
that  the  functional  centra  in  ■ 
fomis   like    Cfiffydosaitnu, 
entiy  correspond  10  the  inter 
of  Are/ugasaunu,  while  the  pi 
centra  are  small    and    Ti\ 
about  lo  disappear,   it   is 
that  in  other  Ainphihia  tlic 
,     ™  ....  centra    arc    totally    wantiiur, 

vMcliia;  fipom  ih.  ifoni  tnA  )A  .Ltie.    i      the  ^'crtcbral  bodics,  which  in 
•(HO.,  wfteffriuch.)  caudal    region  have  the  chc 

united    to  them,  are  really  inter 
centra,  to  which  the  neural  arches  have  been  shifted.      ProresHX  I 
Cope  regnrds  Ihe  rhachitoitious  and  embolomerous  structures  as  char- 1 
actcrs  of  at  least  family  value ;  but  Dr  Frilsch  considers  that  tbc  two] 
types  occur  in  diCTerent  regions  of  one  and  the  same  species,  as ' 


-■■M-'  'A 


\ 


Fig.  ^i;.— Pi.ii>  al  •liiill  anil  wtatnal  onjuinn  ef  Tiimrrvrlkai Ui  imrigmlm!  frtm  At  J^itm'mt 
of  Hortli  Amciici.  a.  Ban-  and  •xocdplult:  t,  t,  lAinl  anil  pgMcrior  new  at  aula  ^ 
MMdiblv:  </.  r.  Ponioni  of  vanabral  column  itfnmid  b/prMtun;  i,  iMueuiu*:/,  nuita 
ecotn.   (Aftcf  Cope.) 

know  to  1k!  the  case  in  some  of  the  Ganoid  Fishes  (sufirot  p.  959), 
where  we  find  in  Eutycarm*i!  and  Aipid'trhynchus  a  rhachiiomous 
type  of  vertcbnc  in  the  cervical  and  dorsal  regions,  ortd  an  eml»l- 
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«)cr-:u>.  \yi>e  in  the  t^udal.  An  excellent  enrapic  of  the  thachitom- 
1<  of  vertebra  is  ^own  jn  fig.  960,  the  pkuroccntra  bcinj; 
t 

hould  be  obMSved  thai  this  intorprctation  of  the  homology  or 
inhitomous  vcndxa  is  not  accc|)lcd  hy  Mr  Hulke. 
'iL^    ABCHeflOSAtJRin.e.  —  The  well  known    genus    Arefte^ 
J.  ranging  in   Europe  from  ihc  Cirtioniferous  to  the  Permiiin, 
w  uken  oji  the  type  of  a  family,  which  for  the  present  niay 
mo^t  of  tboK  forms  in  which  Uie  dorsal  \-eTtebn£  are  of  the 


I.— upper  orbfT  «r  <ht  «ian 

'^•cAMMsnu;  (rcB   the  C>t- 

Bcdw-xl.     /'".v.  Pninu- 

~Jtf>.  MuIIb:    St.  Naul.    L». 

,  pMiiokl :  PiF.  pDUftiMul ; 
>kt,  pMdiU>j  -.7.  jBB]:Q7.gu«d- 
iiHM«it:  ^.  fa— rawJ :  ST,  Supra- 
I      I     ■•    ^.E3Mk::ir(l,S>|inoedp. 


rialH  Otpw  ^Rrft^:  rrarr  ih« 
Pcnnhaof  Konli  Aoitrica.     R«- 

LliMie;    fi,   /«.   f*,    CnintU: 


rbAchiiotnoos  type  throughout  life.  Its  members  have,  indeed, 
been  iplil  up  into  ihc  Melosimrida,  Trimtrorhtukida,  and  Erya- 
fida ;  Imt  the  observations  of  Dr  Fritsch  indicate  that  for  the 
pRKDt  at  least  such  divisions  are  not  definable.  According  to  the 
ImI  iwmrrl  auihoriiy  this  family  may  be  choiacterised  as  including 
t^byrinthodants  of  medium  dimensions ;  having  cytintlrical  teeth 
of  raxying  size,  in  which  the  folding  of  the  dentine  is  cumpamtivcly 
ftlj)[bt ;  the  upper  sur£ice  of  the  skull  beit^  pitied  ;  the  supraocdp- 
itati  ridged ;  and  the  tninlc  v-ertebiic  rhachilomouK,  and  the  caudal 
asuaiDy  crabolomcfous.  A  ring  of  l>oncs  is  usually  developed  in  the 
cclerotic;  the  rentral  surface  of  the  body  is  always  covered  with 


J 
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scutes ;  and  the  pabttnes  form  long  Bplims  lying  on  the 
of  the  muilUc.      This  famil)-  is  ct-idcntl}-  the  most  pcii 
of  the  entire  order;   the  vertebral  column  displaying  an 
development  at  a  stage  which  is  iram.itional  in  higher  for 
funher  remarkable  for  the  small  size  of  the  coraooid,  in  whic 
thi^  group  agrees  with  the  Salamanders  and  some  of  the 
dont  Reptiles,     The  huriterus  has  distinct  condyles,  as  in 
group  ;  and  in  (he  pc)%-is  the  pubiK  is  ossified,  and,  like  lliat  < 
Anomodonis,  unites  with  the  ischium  without  the  intervemii 
an   obturator  foramen.      The  tarsus   and  carpus    {6g.    95^ 


/■"-—^ 


Jf 


rig.  gfio.— If  ri  luitf-i!  upEiit  uT  ilic  irch  ind  tntMMnlnitn,  and  pcMahv 
ufadoni*!  vctEcbra  of  AK^^fviifwrHj  JCivAei;  ftan  iIh  I.ow>tr  P«ni>ijin«r 
ii)iuiE.  irith  U'rrd  ci|uniiiini,  a/;  >,  Suture  Mvttn  apine  »ni  atdb;  *-m,   _  . . 
upih)«l>:  J,  Tamaitna  fraeut :  <,  Rib-fMai;  t.r,  N«uml  caiul!  i.t,  InMccmm 
tram  Gauidry.) 


characterised  by  the  number  of  ceniralia,  there  being,  aooc 
to  the  interpretation  here  followed,  four  of  these  bones  ii 
fonner  and  ihree  in  the  latter ;  and  the  first  centrale  articu 
respectively  with  the  tibia  in  the  tarsus  and  with  the  radi 
the  carpus.  This  ty[xr  of  taival  and  carpal  structure  is  e^ 
the  niDiit  primitive  yet  observed,  f 

Iti  Arrhf^stiurus,  and  also  in  /.y/^saurus  of  the  Kurope&n 
niian,  and  Trimtrorhathii  of  the  reputed  equivalent  strata 
America,  the  occipital  condyles  were  not  ossified ;  but  tl 


a*  f<irawii  at  HaA  hmtna.    Oiw-lulT  laonl  tin.    (Aftn  Cope ) 


fentian  of  Dresdfn,  but  it  is  preoccupied  in  the  fiaurnpterygia. 
PortMHBi  of  a  vcriclira  of  £itcfiir^saitms,  from  Autun  in  Kriuice,  are 
dunra  in  Ag.  960,  (lie  neural  spine  being  remarkable  for  the  great 
hScnl  cxputeion  of  its  suDimil :  according  to  l>r  Fritsch's  restora- 
C^-  95<^)  tbc  ])lfurix'cntra  bclongiiig  to  tlii^  vcriclita  would  be 
antcnoT  itd<,  but  I>r  Zittel  would  mther  regnrd  those  on  the 
ispccl  33  rcfcTal>lc  to  this  segment  of  the  colmnn.  In 
Bi)ori  lUge  of  the  Lower  Condwanos  of  IndiA  thJi;  group  is 
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represented  by  Gondwattosaurus ;  while,  if  we  may  judge  bfJ 
detached  intercentnim  which  may  belong  to  it,  Rhytidostats,  of  i 
Karoo  system  of  South  Africa,  should  also  find  a  place  here.  II 
American  Permian,  in  addition  to  Trimerorhaehis,  has  also  yidd 
Zatrachys,  Eryops^  Acheloma,  and  Anisodexis.  Rrygps  includes  w 
large  species,  in  which  the  nares  are  widely  separated  and  i 
placed  at  the  extremity  of  the  snout,  and  the  thoracic  plates  : 
not  sculptured. 

Family  Diplospondylid*. — This  family*  is  proposed  by 
Fritsch  for  the  genus  Diphspondylus,  from  the  Permian  of  Bohea 
characterised  by  the  embolomerous  structure  of  the  entire  ve 
bral  column,  and  the  absence  of  pits  on  the  skull.  Cricotus  ( 
961),  from  the  Permian  of  Illinois  and  Texas,  appears  to  be 
allied  form,  which  Professor  Cope  makes  the  type  of  the-  fan 
Cricotida. 

Finally,  it  may  be  mentioned  here  that  the  genus  lehtkyacamil 
from  the  Carboniferous  of  Ohio,  which  is  frequently  placed  in 
Microsauria,  is  described  as  having  rhachitomous  vertebre. 

Family  Nyraniid*. — The  genus  Nyrania,  from  the  Permian 
Bohemia,  of  which  the  skull  is  shown  on  an  enlarged  scale  in  fi 
824,  825  (pp.  go2,  903),  differs  from  Archegostmrus  in  that  the  pi 
tines,  in  place  of  forming  splints  on  the  inner  side  of  the  maxil 
are  situated  near  the  middle  line,  internally  to  the  vomers  a 
pterygoids,  and  would  therefore  seem  to  represent  a  distinct  fami 
This  arrangement  of  the  bones  of  the  palate  is  similar  to  d 
obtaining  in  the  existing  Caudata.  Some  of  the  genera  notk 
among  the  Arcfugosaurida,  in  which  the  skull  is  unknown,  n 
belong  to  this  family. 

Family  Dendrerpetid*. — This  family,  which  may  be  takai 
include  the  Brachiopina  of  Professor  Miall,  contains  several  gent 
of  which  the  precise  serial  position  and  full  affinities  are  at  presi 
somewhat  uncertain.  The  skull  is  parabolic,  and  marked  by  d( 
pits  ;  the  parasphenoid  in  the  type  genus  has  a  short  stem  ;  and  1 
teeth  have  irregular  foldings  at  the  base.  The  vertebrae  were  ft 
ossified,  and  may  have  been  of  the  embolomerous  type.  The  t; 
genus  Dendrerpeton  is  a  medium-sized  form  occurring  in  the  ( 
boniferous  of  Nova  Scotia  and  the  Permian  of  Bohemia,  and  cl 
acterised  by  the  orbits  being  placed  near  the  centre  of  the  sk 
Another  group  of  genera,  constituting  the  above-mentioned  Bracl 
pina,  appears  to  agree  so  closely  with  the  type  in  cranial  characti 
that  it  may  at  least  provisionally  be  included  in  the  same  fam 
The  orbits  are  generally  placed  somewhat  anteriorly.  This  gn 
comprises  Srachyops,  known  by  a  single  skull  from  the  Mangli  st 
of  the  Upper  Gondwana  .system  of  India ;  Microphelis  {Petrophryx 
^  DiphotruMda,  see  note,  p.  1027. 


he  Kjitoo  system  of  South  Africa ;  Bothria^t,  fiom  the  Lower 
wc  of  Australia;  and  Rkinosaurui,  from  the  Jurassic  of  the 
Mountains.     Tbcre  is  frequently  a  fyra  ar\  the  skull,  hut  this 


tmting  in  Micrvphofis.  as  in  Dendrrrptton.  It  is  pioltalile  that 
Xtt^  slcdcton  from  the  Lover  MesoeoJc  Havrkcsbut)?  beda  of 
t  Soutli  Wales,  dcicribcil  under 

preoccupied  name  of  P/atyeps, 
POIP  to  BiUhriicft. 
fuoLT  A-vnmAcosAL'Biae. — In 
I  £unily  the  veriolvnl  cotumn  is 
If  OBSiticd  in  the  adult ;  the  teeth 
\  deeply  infolded ;  the  mucous 
Hb  between  the  orbits  and  the 
U  fonn  a  lyic-shapcd  pattern 
nni  as  tbc  fyra  ;  and  the  ventral 
fne  of  the  body  typii»IIy  has  a 
(■ring  of  bony  scutes.  'Hie  skuti 
If  lie  {Btabolic,  but  is  usually  tri- 
{obr.  This  ramily  may  be  divid- 
ioto  three  mbfamtlies.  The  first, 
BtfAttiia,  it  represented  solely 
the  genus  Bapheta^  of  the  Car- 
lificrous  of  Nova  Scotia,    which 

only  be  provisionally  placed  in 
i  family.  It  is  only  known  by 
imperfect  skull  (fig-  963),  which 
broiad,   and   rounded   anteriorly. 

(he  lax^mmatima^ChauHtd^ntia),  the  members  of  the  one  genus 
vmma  atuin  a  lar^  size,  and  are  characterised  hy  ihc  triangular 
U  (^  9^.S)r  which  has  large  potiterior  projertions,  with  the  lyra 
ling  iwo  Mraight  grtwves,  continued  posteriorly  as  ridges.     The 

b«re  compnessed,  large,  and  irregular,  with  the  foldings  deeper 


rig.  gA].— Vfifwr  v1*w  of  tha  Lkutl  ■/ 
/.*jv*ni  Aihnittti I  from  lite  Cri^^v^l' 
ifrruut  «if  Durtiam.      RDrtvi:cil.      1.4iL«n 
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than  in  the  Ardlfgosatiriia.     The  vertebra)  centra  are  di^U 
and  may  perhaps  be  emlxdomerous.     laxomma  {fig.  96^) 
ia   England   in   the   Carboniferous,  but  has  also    been 


Fl|.  9IS4-— I>i>rul  ttirfac*  of  ihe  tlmll  of  jiMtinu»iaiitnt  KiuielB :  (Ron  its  CarbetOaem 
orEn|liuid.     OiK-almh  iuiuidI  (IK.    (Aflef  A4ihv|'.) 


(rota  tfie   Pcnnian  of  Bohemia.     The  large  size  of  the  orbJO 
well  ^own  in  the  figure ;  another  charocicTistic  feature  being 
absence  of  0  ]>osiglfnoidiiI  process  to  the  mandible,     llie 
scutes  are  unknown,  and  if  it  be  eventually  found  thnt  these 

wanting,  thi&  genus  should  perhaps  form  the  tyft 

^  of  a  distinct  family.      In  the  typical  subfamily 

W^  AHihrMositun'na  the  skull  (fig.  964)  is  triangular, 

Mb  and  characterised  by  the  small  Kite  of  ibe  pali- 

H  ■  tal  vacuities  ;  while  the  teeth  arc  b-ubcylindricaL 

^1  ■  The    type   genus   jinihratosaums   occurs,  as  its 

^m  ■  name  implies,  in  the  Carboniferous,  ranging  frooi 

^HH  Britain  to  ihc  Continent.     One  of  the  denul 

V^W  ventral  scutes  is  shown  in  fig.  965.      The  sklrfl 

^^^  was  al.so  covered  with  scales  or   tcutcs ;  and  it 

.^r*^"^^'..'^  appears  from  one  specimen  that  these  »cut«*4)d 

Aitbcy.)  not  extend  over  the  pancial  foramen,  which  ib- 

duces  l)r  Credner  to  consider  that  the  PoUeomc 

Lahyrinthodonts  were  provided  with  a  functional  parietal  eye,  d 

which  an  aboned  rudiment  persists  in  ^fumnhn.     The  imperfectly 
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Id   J^ttsyaft,  from  th«  English   Pcnnisn,  is  allied  in  cranial 
to  AmiJiriuosaunis.     Nforeorer,  some  writers  place  in  this 
the  imperfectly  known  genera  P/afyeft,  from  the  Pcnnijm 
toasii,  and  Mofntmrion,  from   the   conesponding  sir»ta  of 

ciLV  MASTODoysAURiDjE. — The  members  of  ihJs  family,  to- 

with  some  of  the  Amhratosaurida,  constitute  the  Eiigtypia 

NfiuH's  classtiicatioo,  and  muy  be  regnided  as  the 

reprtscntativ'cs    of    (he    order.      They  are   distinguished 

the  Uacr  family  by  the  still  more  complex  structure  of  the 

;  the  stronger  sculpture  of  the  skull ;  and  the  absence  of 

on  the  ventral  ^iirfaix  of  the  body.     Kirgc  palatovamciine 

(fi|f.    966)   OK   pbceti    on   the   inner   side   of   the   maxillary 

axid  there  b  a  oorrespooding  inner  series  of  smail  teeth  in 


fei  :t> 


:-l^. 


FIb.  ^Ml— Fdu»l  HMCt  of  ttM  truluin 

'1§    MtmHidi' mmta'm   #*/iHI/fflH  i     ttt^     the 

KMf  td  Warluwl  a%.     RcdiKcd.     (Artct 


Pin-  ^. -' MmilBdimiaiirft 
giftnttfi.  »,  Uonal  upcct 
dl  >kut!,  Rrculir  nducnl ;  i, 
loo-ili  on  ■  Iwgci  Ksle. 


muicbble ;  while  there  is  no  Ijony  rinp  in  the  sclerotic.  The 
features  may  Ik;  also  noticed,  although  some  of  tht-m  arc 
fiomiimn  to  the  typical  Anthraceiaurida:.  The  m.iiidiblc  has  a 
Inge  pOKtgienotdal  procesit,  and  the  crowns  of  the  teeth  are  conical. 
Tltt  palatines  have  the  &ame  position  as  in  the  ArrA(gf)sattrida.  In 
the  pdns  of  the  type  genu<  the  piibes  are  separate  from  the  t.schia, 
and  do  not  enter  into  the  formation  uf  the  acetabulum ;  and  the 
luial  ribs  form  kidney-like  disks.  The  centra  or  bodies  of  the  ver- 
ichac  is  the  adult  form  disks  which  arc  fully  o:>eil)cd ;  but  in  the 
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young,  as  we  infer  from  MasiaJonsaurus,  in  which  alone 
has  liL'cn  observed,  they  were  rluehilomous,  as  in  the  aduM 
tion  of  the  AriAegt»iiurnia.  The  pubtaJ  vacuities  weze  lai 
approximated,  as  is  well  shown  in  fig.  966.  This  familyj 
divided  into  tvru  groups,  according  to  the  preiicnce  or  aba 
an  inner  nniculnr  buttress  at  the  proximal  extreinit}'  of  the  ni 
The  gruup  in  which  this  buttress  Js  present  is  reprcsentedj 
type  genus  Mastodonsaums,  best  Icnuwii  by  llie  huge  AfaslodM 
g)gante»s  (fiys.  966,  967)  of  the  Tnas  of  Europe,  which  pf 
attained  a  length  of  seven  or  eight  feet,  and  ranged  from  tl) 
chclkaJk  to  the  Khfctic  Besides  other  European  Triassic  j 
this  genus  is  also  represented  in  the  l^owcr  Mcsozoic  (Ma]a 
of  India  by  a  form  closely  allied  to  M.  gigatiUut,  and  by  anj 
the  Hawlcesbury  beds  uf  New  South  Walcj.     Figure  968  ^ 


'"V 


I  ■ 


.>x 


J 


of  M-nt/Jtrnmatta  ^tf^aJtut.     (^really  cnliugcd.    (Alter 
OlMU.) 


Fie.  *j._ 

the  i-'ffa  O 
of  Indik  a  \ 
Mcdoa  of  a  la 


Structure  of  a  traiuiTrse  section  of  a  segment  of  a  tooth 
enus ;  ihe  mode  of  attachment  of  the  teeth  to  the  jaw  b4 
'^hibitcd  in  fig.  969.  In  the  transverse  section  it  will  be  oi 
that  there  is  one  set  of  sinuous  linear  interspaces  coinmun 
-with  the  exterior,  and  a  corresponding  scries  (scixaraicd  froi 
other  by  the  dental  wall)  of  sinuous  procesiies  from  the  centra 
cavity.  Other  genera  of  UiJs  ^roup  arc  CapUosaums  (int 
CydolosaurHs),  frotn  tlie  Keuper  of  Germany ;  Trtmalosovnti 
the  Bunter  of  the  some  countr>',  distinguished  by  its  more  t 
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;  tnd  the  aptarenUjr  allied   Goniogiyptus,  from  the  Panclict 
of  Ute  Lo«rrr  GurKlwunns  of  Indix     PiuMyj^nia  (fig.  953),  of 
latter  dcposU,  laay  oUa  be  pfxivisionally  included  in  this  grou]>. 
the-  Mideri  staijc  of  the  Upper  Clondwatus  we  have  also  a 
.apjnrenUjr  cloacly  allied  to   Capitosaurus,  and  thus 
precise  parallelism  in  the  evotutinn  of  the  group  in  the 
knd   European  horizons.     Here  aUo  wc  may  perhaps  place 
hntall    ronn    dctchlNrd    under  ihc   proviiiional   name  of  GfyJUo- 
M,  frvm  the  Indian  Pancbcts.     Mtt"pia$,  of  the  Continental 
and  Rhxtic,  is  diminguitthed  fioiii  the  preceding  genera  by 
matt  *nterior  position  of  the  orbit* ;  ZabyrtntJuufcn,  of  the 
Kcupcr,  beitig  probably  allied     Tlic  sctund  group  i*  reprc- 
-b^  DioAtc/piatitu,  of  the  Wanickshirc  Trias,  in  tvhtch  the 
i»le  has  no  inner  articular  buttress, 

UJrtZtRTAiM  Kamilv. — Here  may  be  mentioned  the  genus 
s,  foDndcd  upon  large  vcrtclval  centra  (fig.  970),  from  the 


>  l(.  ana-TMn  M>ut«ml  Mam  gf  Emmmm  aiaJiattnt :  bun  l>i(  CMbDnifcrvus 


CarbonifeTOiu  of  Nova  Scotia,  which  were  regarded  by  I'rofessor 
Mxnti  as  belonging  tu  an  Ichthyosauroid  Reptile,  but  which  really 
indicate  a  large  Labyrinthodont,  perhaps  rererable  to  the  Mai/o- 

Leat-ing  out  some  ill-defined  ger»era,  mention  must  l)c  made  of 
Purepias,  of  the  British  Carlioniferous,  wliicli  was  formerly  classed 
octt  to  BittrathidtrpHm.  'Yha  skull  is  eloiij^aicd,  and  reniarkahle 
lor  the  incomplete  orbits;  while  it  appeals  lluit  many  of  the  ordi- 
nary bo»es  are  wanting.  The  cranial  Ixines  have  a  pitied  sculpture  : 
and  the  vertebral  centra  arc  thick  and  fully  ossified. 
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fare  foot,  some  of  tho«e  of  the  hind  foot  having  a  length 
incbe*.  llic  al»cncc  of  any  knou-n  Dinosaurians  from 
M  stroi^y  in  faTour  of  thi;  Labyriiithutlont  nature  of 
;  and  it  has  been  .si^jigrstcd  that  those  described  as 
Sarfki  mvtc  made  liy  Tremelmanrus  Jiraum  of  the 
r,  the  bkuU  of  nhich  has  a  length  of  ci^tht  inches.  If  this 
prove  to  be  the  case,  the  name  Trtmatosaunts  would  have 
to  tbe  earlier  Cfiirojaurus.  The  laige^t  traclu  fri>in  the 
of  Cheshire  have  been  described  aft  C.  Htratlis.  Oihcr 
lis  of  feet  from  the  rcmuan  and  Tria^,  which  may  be  of  Laby- 
podoiu  ongtn,  have  been  described  under  distinct  names  which 
liOl  be  untK<«ssary  to  quote. 

Ow'tK  IL  Atoi>-*- — The  remarkable  limbless  Cajcilians  being 
fcnnwn  in  a  fossil  state  require  no  further  mention. 
llCNtUfJt  III.  Cai;data. — in  this  order  the  body  is  elongate,  and 
hccmform  or  anguiform,  with  a  tail,  and  usually  with  two, 
I  occasionally  only  one,  pairs  of  limbs.  The  cranium  laclis  the 
sapratemporal,  and  supraoccipital  bones  of  the  ijtbyrin- 


.M^ 


^ 


M. . 


(AAtrMivsn.} 

ami  the  palatines  are  approximated  to  the  middle  line, 
,  d  immially  to  the  vomers  and  pterygoids.  The  ribs  are 
|uid  the  bodies  of  the  veitebrse  arc  either  amphi-  or  opistho- 
».  The  reiemblance  in  llie  contour  of  the  skull  and  the 
Mrt  ribs  to  the  Protriiomda  suggests  an  affinity  between  the  two 
'nps:  bm  the  po^ilio^  of  the  pabtines  is  rather  indicative  of  a 
MwMhit*  with  the  Xyraniidtt. 
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bf  lite  ftwnee  of  a  maxilla,  and  of  6vc  digits  to  the 

lUEs  Sacxiae  akd  PnoTErD*. — Sire/i  (fig.  971,  a)  and 

tagOba  viih  AltnefiroHt^us  (ibid.,  c)  arc  characterised  by 

I  pcHHifil  jib,  ihe  sbs«nce  or  inaiilla:,  the  amphicuslous  t'cnc- 

aiuf  the ittJBCtion  of  the  number  of  the  di^tits  hclow  five  ;  Stmt 

-r.z  fmn  ibe  oihcr  two  by  the  aljscnee  of  pelvic  limbs.      No 

■-  arc  known. 
—  \~..iAUi\>Jf- — In  this  family  the  gilk  are  shed,  and 
•.ate  pmtent ;  but  it  agieea  with  the  two  Inst  in  the  aniphj- 
kxftriuv,  the  canilnginous  carpus  and  tardus,  and  the  ah- 
:of  f^'cjidi.  In  tlic  ty|>ieji)  North  American  genus  Ampkiuma 
.9;!,  •)lhe  body  is  inui^-h  elongated,  and  the  limbs  :ire  very 
j\sadi(r  American  genus  is  Mtiwpoma^  allied  to  which  is 
vtnthu  (Ciypiobranefivs  or  SieMdia),  typically  represented 
'(^i^itic  Salamander  (J/l  maximits)  of  China  and  Japan,  and 
inh  DC  may  prolialily  include  the  large  Salamander  (tig.  97a) 
ibc  Upper  Mtocene  of  Switzerland,  originally  regarded  as 
and  »utnefiuently  described  under  the  name  of  Andn'as. 
'FuitlV  SAU\MANUKtL>^ — The  true  Salamanders  loac  their  gills, 
there  are  iruianceti,  as  in  AtnblysUima  {SiruUn),  wliere 
Ity  periirt  in  some  indi>-idual*.  Eyelid*  are  present ;  the  vertebne 
ke  (tnoiFly  opisthoctelous ;  a.nd  the  carpus  and  tusus  mure  or  less 
pabi  I'hii  ffl^mily  is  now  represented  in  Europe  by  the  S.tla- 
■uidcn  {Saiammmdra)  and  N'ewts  {Alv/ge  or  Triton).  In  a  fo.<isil 
the  eaiuing  iieij^  eristala  (tig.   973)  occurs  in  the  Norfulk 


'-:r^ 


i%.  en-— Tte  Cncrad  >*«ivt  (,V«4r>r  <iTr/aU>. 


Hmco,  and  reprecnlatives  of  lhi»  genus  have  also  been  recorded 
Rhe  Middle  and  Lower  Miocene  of  ihe  Continent.  TIic  latter 
poiits  have  also  yielded  remains  referred  to  Saiamandra,  while  the 
IK  CiuiofriUm  has  been  applied  to  an  imperfectly  known  form  from 
t  Lower  Miocene  of  St  G^nd-le-Puy,  in  AHier.  He/iarehon,  frotn 
(corresponding  strata  of  Rott.  near  IJonn,  is  allied  to  Saiamandra^ 
aay  not  improbably  be  identical  with   CMotriion.     Mtgalo- 
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triton  is  a  large  form   from   the  Upper  Eocene  PhosphoriM 
Central  France. 

Order  IV.  Ecaudata. — The  Frogs  and  Toads  form  a  U 
specialised  order  of  comparatively  late  origin.  In  the  adidl 
body  is  short,  destitute  of  a  tail,  and  furnished  with  four  Safe 


Fig.  974.— A,  RkFteion  or  the  Tiag^Rmalim^rmria):  tr,  TnnivciH  procoMfoT  ttti 
tOt  Sacrum;  «r^  Urotiylc  ;  f,  lUum;  j,  SupnucapuU  ;  #,  Kumcnu  ;  mA^  lUidiiu  and  ol 
Cirpii^ ;  /,  Po^cx ;  y.  Femur  ;  fr,  T^bla  and  fibulA  ;  cd,  Calcuieo-utragalui ;  im^  Tuw 
Prohillux.  n,  Petioral  arch  and  Mernamaf  Frog  {after  Gegenbaur).  The  dulled  parani 
cariilaifes.  t,  EpisternuiD  :  e,  Omoitemum  ;  /,  Body  of  the  memtun ;  x,  Xiphuieniu 
Supraxcapula  ;  tc,  ScapuU ;  d,  Precotacoid  :  ee,  CoTKCoid  ;  t,  Epiconcoid. 

which  the  pelvic  pair  is  the  longer,  and  adapted  for  leaping.  1 
are  no  gills.  The  skull  is  short  and  wide,  with  enormous  o 
and  the  parietals  confluent  with  the  frontals.  A  peculiar  ossific 
known  as  the  girdie-lione  encircles  the  skull  in  the  ethmoidal  re 
and  there  is  a  predentary  ossification  in  the  mandible.     Thi 


GENERAL  STRUCTURE  AND  ORDERS. 


1043 


arc  few  in  number,  and  generally  procoelous ;  there 
vertebra  in  the  sacrum  ;  the  \'cnebral  column  terminates 
urostyk  (fig.  974,  »r).  and  there  are  usually  no  separate 
iUa.  (r")  arc  proloi^cd  backwards  !>o  as  lo  throw  the 
um  far  behind  the  sacrum  ;  the  radius  and  ulnn  (a^),  nnd 
»nd  fibula  (tr)  arc  respectively  fused  together ;  and  the  inl- 
and nstragnlus  (ra)  greatly  elongated.  There  are  five  digits 
icfa  foot,  with  an  additional  ossicle  (sp)  io  the  pes  which 
rcntly  represents  a  prohaDux. 

Dconjing  to  the  presence  ur  nbseoce  of  the  tongue  this  order  is 
fed  into  the  snbofders  I'harterogluesa  and  Aglossa ;  the  latter 
tuning  only  tbc  two  families  DaityUtkrida  and  lipids.  I'hc 
bnoglosBa  are  subdivided  into  the  Firmistermne  and  Ardferim 
pi;  the  former  chaiactcnscd  by  the  cpicoracoid.s  Coiming  a  band 
Hexing  the  cotacoids  (fig.  974,  b),  and  the  Liiier  by  the  over- 
bioc  of  tlic  cpicoracoids.  Since  fossil  forms  ore  l>ut  very  imper- 
R  known,  only  brief  mention  will  be  made  of  tiiose  families 
dt  have  fossil  rcprcMrntativcs, 

I^UfiLv  l>iscocLossinje. — Commencing  with  tlie  v^rr/mw  series 
the  PhancrogloBsa  the  present  family  is  distinKui^bcd  from  those 
t  fbUow,  and  ifacreby^  apptoximatcs  to  the  Newts,  in  having  opis- 
CEBkHa  vertebra:  and  rudimentar>-  nb&.  The  European  genua 
^akimmtar  \^  probably  represented  in  the  Upper  Miocene  of  ^wir- 
lind  ;  although  some  writer;  h^ve  referred  the  lo»»iI  species  to  a 
tioct  genus  uodcr  the  name  of  Pelnphilus.  Opi>.thoccelous  ^-er- 
me  from  the  Middle  Miocene  of  Sausan,  in  (.iers,  may  belong 
^ci  to  Bomhima/cr  m  to  the  other  existing  Euro|>ean  genus  Alyies. 
tffbrK',  from  the  Middle  Tertiary  of  It^ily,  is  said  to  present  many 
biities  tu  tbe  present  family,  but  in  the  absence  of  ribs  approxi- 
}fta.  to  the  one  that  follows. 

;FA]ni.T  Peloimtid*. — This  small  family  is  characterised  by  the 
of  teeth  in  the  upper  jaw  ;  the  absence  of  ribs  ;  and  the  un- 
extrcmity  of  the  sacral  nix     The  vcttclinc  are  usually  pro- 
although  occasionally  opi&thooEluus.     The  existing  gunus 
occurs  in  the  Miocene  of  Sausan,  while  the  imperfectly 
Protaf<ti^*at4S,  from  the   Miocene  of  Bohemia,  m.iy  belong 
to  thb  or  the  next  family. 

Lv  FAi.-»:oiiATRACHin.*L — ^This  extinct  family  has  teeth  in  the 
>aw  ;  no  ribs  ;  cxpaiided  ribs  to  the  sacral  vertebra ;  and  pro- 
toAoos  vertebrx.  The  winyle  genus  PaltrolKitr<i(Aits  {PrabatratAitt) 
9  flow  known  to  ha^-e  been  widely  distributed  over  the  Continent 
daring  the  Lower  Miocene  ;  more  tiian  a  doicn  species  having  been 
AKhbed. 

Fahilv  BiinixiD*. — The  true  Toads  are  characterised  by  the 
galahtCDce  of  teeth  and  dor>al  ribs;  the  expanded  extremities  of 
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the  ribs  of  the  sacral  vertebra;  and  the  procoelous  vertebne.' 
the  type  genus  Bufo  existing  species  occur  in  the  Europeaj 
Indian  Pleistocene.     S.  Gessneri,  of  the  Upper  Miocene  of  i 
land,  appears  closely  allied  to  the  living  B.  viridis,  althon^j 
gether  with  another  species  from  the  same  beds,  it  has  been  : 
the  type  of  Palaophrynus.     Dr  Filhol  records  the  type  gentH  I 
the  Upper  Eocene  Phosphorites  of  France. 

Family  Cystignathid*. — This  family  represents  the  Fn 
Tropical  America  and  Australia.     The  huge  Ceratophrys . 
Horned  Frog  of  Brazil,  occurs  in  the  cave-deposits  of  that  < 
while  Laionia,  of  the  Swiss  Miocene,  appears  to  be  a  dosdy  i 
if  not  identical  genus,  characterised  by  the  smaller  head, 
slender  pelvis,  shorter  manus,  and  longer  pes.     A  somewhat 
instance  of  distribution  occurs  in  the  case  of  the  Chetoniaa 
dra.     The  cave-deposits  of  Brazil  have  also  yielded  remains  of  I 
existing  Lepiodadytus  pentadadylus. 

Family  Ranid*. — In  the  Firmisitrmne  series  the  True 
have  teeth  in  the  upper  jaw,  and  the  extremities  of  the  sacral 
are  not  expanded.     Rana  is  represented  by  existing  species  in  I 
Norfolk  Forest-bed,  and  probably  in  the  Pleistocene  of  Sardiiua; 
probably  also  occurs  in  the  Miocene  of  Sausan  and  other  places  i 
the  Continent ;  and  has  been  described  from  the  Upper 
Phosphorites  of  Central  France,  where  the  one  known  species  i 
to  be  allied  to  the  Indian  R.  tigrina.     The  Oriental  genus 
sus,  in  which  there  are  no  vomerine  teeth,  is  found  in  the  Eocene* 
Bombay,     Ranetvus,  from  the  Middle  Tertiary  of  Italy,  may  ] 
belong  to  this  family,  although  it  is  said  to  show  affinity  to  the 
balidiE  ;  and  we  may  here  mendon  the  imperfectly  known  Aw^  \ 
rana,  Batrachus,  and  Protopkrynus  of  the  Lower  Miocene  of  FnnO^ 
although  their  family  position  may  be  doubtful. 
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CHAPTER    LII. 

CLASS    REPTILIA. 

General  Structure. 

With  the  Reptiles  we  enter  upon  the  consideration  of  the  Gn 
two  classes  which,  from  the  possession  of  many  common  chuid 
have  been  brigaded  together  by  Professor  Huxtey  under  the 
of  Sauropsida.  The  name  Monocondylia  had,  however,  bees 
viously  proposed  by  Hasckel  for  these  two  classes,  and  some 
consequently  prefer  to  use  this  term.  These  two  classes  lie 
Reptitia  and  the  Aves,  or  Birds ;  and  although  recent  researdi 
shown  the  existence  of  a  close  affinity  between  the  more  _ 
Reptilia  and  the  Amphibia,  and  thus  with  the  Mammalia,  yet  it 
in  no  wise  tended  to  interfere  with  this  association.  It  should, 
ever,  be  observed  that  since  it  is  probable  the  Reptiles  have 
origin  from  forms  more  or  less  nearly  allied  to  some  of  the  eariicr 
phibia,  with  which  we  are  at  present  acquainted,  it  is  obvious 
there  must  once  have  existed  animals  in  which  the  characteristic  fa-' 
tures  of  the  true  Amphibia  and  the  Reptilia  were  more  or  less  Uaidei 
and  that  the  practicability  of  drawing  a  distinction  between  the  ti* 
classes  is  thus  (as  in  other  cases)  more  or  less  due  to  the  impeifec 
tion  of  our  knowledge.  With  this  proviso,  and  bearing  in  mind  thil 
some  of  the  more  generalised  forms  with  which  we  are  even  no« 
acquainted  may  not  conform  in  every  detail  with  the  undennenlioneC 
characters,  the  Reptilia  as  a  whole,  together  with  the  Birds,  may  b< 
distinguished  from  the  preceding  classes  on  the  one  hand,  and  from 
the  Mammalia  on  the  other,  by  the  following  features. 

Epidermal  structures  in  the  form  of  scales  or  feathers  are  gener- 
ally present,  but  there  are  never  hairs.  The  vertebrse,  which  art 
ossified)  usually  have  no  epiphyses.'     The  basioccipital,  with  on< 

>  These  are  present  in  some  of  the  SAuropter^ia  among  Reptiles,  uid  b 
I'ariols  among  Birds. 
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I  exceptions,  is  completely  ossified ;  arxl,  in  conjunction  with 

npitaU,  forms  the  single  occipital  condyle   hy  vthich  the 

aniculatcK  with  thv  atlas  vertebra.     In  the  adult  there  is, 

t,  no  diaiincl  paiasiihcnoid  '  on  the  base  of  ihc  skull.     'I'he 

rami  respectively  cottsist  of  an  articular  caniLige-hone  and 

atembrane-bcnes ;  the  articular  bone  being  connected  with 

of  the  cranium  by  a  quadrate.     The  apparent  ankit;- 

tn  all  exiatiiiig  fonns,  is  Mtuated  between  the  piuxlmol  and 

rows  of  the  tarsus;  and  not,  as  in  the  Mamiiulia,  between 

luid  astiaKalus.     Gills  are  ttct'cr  developed  during  any 

o(  life ;    the  embryo  is  prcn-ided  with  an  amnion  and  an 

and  there  are  no  mamotary  gland:>.     A»  the  palaeontologist 

have  to  deal  with  the  other  distinctive  reature.s  derived  from 

parts,  it  will  not  be  necessary  to  refer  to  them  in  this  work. 

ling  the  features  of  Reptiles  as  distinct  from  Dirds,  the 

iaaution  between  the  two  classes  is  so  close  that  it  is  difficult 

any  very  clear  diagnosis.     In  the  present  class,  however,  the 

anicioree  take  th<  fwm   of  overlapping   homy  scales 

ita).  or  of  shickla  with  their  edges  in  apposition  (CWlonia) ; 

1  dennal  bony  scutes  are  verj-  frequently  developed.     The  rcr- 

may  be  omphiccclous,  opisthocurlou-s  or  proctclous ;  but  the 

of  the  cervicala  do  not  have  cyhndroidal  and  aadcllc-shaped 

surfaces.     The  sacral  vertebra:,  when  prcacnt,  have  brnad 

ribs  for  articulation  with  the  iha.     The  sternum  in  cxi.<<t- 

is  thotnboidal ;  and  the  libs  may  be  attached  to  it  by  a 

median  process,  or  jiroceises.     The  tnlerrla^icle  is  never 

mth  the  clavicles.     Tlicie  are  more  lliaii  three  digit:*  in  the 

; ;  and  never  less  than  three  in  the  pes.    Except  in  the  Thero- 

brattcbi   the    three    elements    of    the    pelvis  as  a    rule 

I  dtttinct ;  *  and  there  is  apparently  no  known  instance,  except 

!  which  may  probably  lie  regarded  as  a  pathological  peculiarity, 

!  bwion  of  the  inetatarsal&,  or  of  their  union  nith  the  d»tal  row 

:ta»us.      In  all  living  Kcplilcs  there  is  both  a  right  and  a  left 

:  arch  ;  the  arterial  and  venous  circulalions  arc  at  best  hut  im> 

separated  -,  and  llie  blood  is  cold. 

the  various  orden  of  Reptiles  differ  so  greatly  from  one 
in  structure  It  will  be  advisable  to  make  most  of  our  obscr- 
I  on  their  oMcoIoigy  under  those  >>c«'cnil  headings.  As  a  rule, 
T,  the  bones  of  the  cmnium  retain  the  general  arrangement 
ale  in  the  .\mphibia ;  there  being  distinct  postorbital  or 
psifrontal  ossifications  ;  usually  either  one  or  two  leinpoial  arcades; 
ud  distinct  post-,  supra-,  and  infratemporal  fosste,  as  defined  in  the 

'  Dr  lUiH  nasgett*  llut  thii  bone  kujt  lie  pment  in  PalitaiafUrta. 

'  TTicf  ate  uicbyliMnl  in  Ttituda  oilm  of  the  Indian  Slwaliks,  nd  alM  In 
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introductory  chapter  (p.  904).     The  bones  of  the  skull  aie ' 
dense  ivory-like  structure,  and  in  most  cases  their  sutures 
although  in  certain  groups  the  premaxillse,  frontals,  and 
may  respectively  unite.     A  new  element — the  transverse,  or  1 
palatine,  bone  (fig.    1089,    7i) — connecting  the  maxilla 
pterygoid,  appears ;  but  this  is  absent  in  the  Chelonia  and  1 
Ophidio.     An  epipterygoid,  or  columella^  connecting  the 
with  the  parietals,  may  also  be  present     A  parietal  foiamen 
may  not  be  present ;  and  the  occipital  condyle  is  usually 
the  hinder  extremity  of  the  cranium.     The  apertures  of  the  ( 
nares  may  be  terminal,  as  in  the  Amphibia,  or  approximated  1 
orbits,  as  in  the  Birds ;  and  the  bones  of  the  palate  may  1 
a  floor  underlying  the  narial  passage  and  thus  cutting  it  off  I 
mouth.      As  a  general  rule  the  mandibular  symphysis  is  aotj 
chyiosed ;  but  this  takes  place  in  the  Chelonia  and  Omit 
The  quadrate  may  be  either  loosely  or  immovably  attached  UJ 
cranium. 

The  dentition  is  usually  well  developed,  and  the  teeth  of  1 
parts  of  the  jaws  are  occasionally  more  or  less  differentiated ; 
there  is  no  known  instance  where  they  are  implanted  by  douUei 
or  where  their  crowns  have  deep  infoldings  of  enamel.    They  mijl 
present  not  only  in  the  jaws,  but  also  upon  the  palatine, 
and  more  rarely  the  vomer.     In  other  instances,  however,  teeth  1 
be  entirely  wanting,  and  the  jaws  simply  ensheathed  in  hom. 
teeth  may  be  anchylosed  to  the  outer  side  of  the  jaws,  when  I 
dentition  is  tenned p/eurodoni  (fig.  975);  or  to  their  summits, «W 

the  term  a^radont  a  tf 
plied ;  or  they  may  fal 
set  in  a  groove,  wiA  ■ 
without  anchyloai  ■ 
the  bone ;  or,  findji 
they  may  be  placed  ■ 
distinct  sockets,  wto 
the  dentition  is  said  t 
he  thfcodani.  The  teeth  on  the  palate  are  generally  anchylosed  toft 
subjacent  bones.  There  is  usually  a  continuous  succession  of  tert 
developed  throughout  life ;  the  new  teeth  coming  up  beneath  thoi 
in  use  and  absorbing  the  base  of  the  crown,  as  is  shown  in  the  ted 
of  the  Ghariai  represented  in  fig.  1090.  In  shape  the  teeth 
Reptiles  present  great  variation  ;  but  a  very  common  type,  fro 
which  many  of  the  variations  are  derived,  consists  of  a  more  or  le 
laterally<onipressed  and  recurved  cone,  with  fore-and-aft  cuttii 
edges,  or  carina,  which  may  or  may  not  be  serrated  (fig.  976).  C 
casionaliy,  however,  the  teeth  of  the  jaws  or  those  of  the  pala 
may  have  nearly  flat  crowns  adapted  for  crushing  (fig.  986). 


Fig.  97s. —Inner  vicvi'  or  the  left  ramiu  ot  Ihc  Ruuidible  of 
Iguana. 
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both  pairs  of  limbs  are  present  the  vertebral   column 

>tiaicd  tnio  cervical,  dorsal,   lumbar,  sactnl.  and  caudal 

and  Oic  iijitbnc  themselves  are 

Illy  os&tlied,  although  in  some  prini- 

a  small  notochordal  canal  may 

Ihcir  centra.     In  a  Urge  number 

fornw  the  inajoriiy  of  ihc  centra 

but  they  are  nmphiccdous 

Ibnil  and  a  lew  cxisiing  types ; 

the  Diaocaaru  and  Chelonia 

nxtous  type  b  common  in  parts      I'it-jjt.  -  rranie  u.)  b>mi 

l«eri«.     In  all  case*  there  is  an  in-  ^.Zfj'7MZ:::^Jy'^i!'^.t, 

between  the  skuU  and  the  atlas ;    te:?^:S^X"r '"•"  = 

may  eilber  form  the  inferior  ring  of 

t,  cw,  whet)  the  centrum  of  the  alias  is  separate  (Ichthyoptcry- 

may  t»e  of  the  normal  wedge-like  form.     In  some  groups  addi- 

aniculaiionii  may  be  developed  on  ihe  arches  of  the  trunk  vcrtc- 

,  taking  ihe  form  of  a  wedge-shaped  process,  or  tygotfikfne,  fitting 

» a  corpoponding  caxHly,  ot  sx^anfnim{f^  977).    The  transverse 

of  the  dorul  vene- 
I  way  be  cither  loi^  (fig, 
k)  ot  Tcry  short  (fig. 
j) ;  and  the  ribs  ouy  ar- 
eithrr  by  a  single 
whh  the  transi'crsc 
or  ljy  Ivo  heads 
It  portions  of  the 
;  pjoccs-v  or  liy  one  ar- 
Indation  to  the  biter  and 
ly  nothct  to  a  facet  on  the  arch  or  the  centnim  ;  there  being  great 
pfa&m  as  to  the  position  of  the  transveriie  processeH  and  nl^faccts 
■  dUerent  groups,  and  also  in  the  differetit  parts  of  the  column  of 
(ih)^  animaL  OccasiotuUy  the  ribs  articulate  at  the  junction  of 
In  ^qtcbrifc.  Chevron-bones  are  generally  present  in  the  tail ;  and 
kttmtunt  may  be  retained.  No  living  Reptile  with  limbs  has  less 
tm  two  sacral  rcitcbnc,  and  in  certain  extinct  forms  the  numlicr 
■n  be  increased  to  five  or  six.  In  nearly  all  Reptiles  the  tail  is 
Idevdoped.  The  ribs  may  have  uncinate  processes.  In  many 
forms  the  sternum,  which  may  be  ossified,  is  rhomlioidal, 
have  the  last  pair  of  ribs  attached  to  a  backward  median 
It^  structure  in  many  fossil  groups  U  not  known,  but 
to  Ptofesaor  Marsh's  interpretation  some  of  the  Oino- 
had  paired  stental  ossifications,  corresponding  to  the  two 
from  which  Ihe  sternum  de\'elop«  in  the  Ratitc  Birds, 
ribs  may  be  developed  in  the  parictes  of  the  ventral 


H«.  977.— Pedcrlcr  {*)  wd  tmoU  (B}a*pcct>  of  k 
dcnol  wmsbn  «f  >  Siukc  Th*  tatiiiai  in  a  on  lb* 
■td^  of  Uh  near*!  ciuuJ  an  llw  ifSAnlra. 
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surface  of  the  abdomen,  and  consist  of  a  median  and  two! 
moieties. 

In  the  pectoral  girdle  the  scapula  is  generally  a  more  ati 
elongated  bone,  with  an  expansion  at  its  glenoidal  extreniitf:^ 
separately  ossified  precoracoid  exists  only  in  the  Anomodonii  j 
978  ^/f),  this  bone  being  in  other  cases  fused  either  iridi| 
scapula,  as  in  the  Chelonia  (fig.  1008),  or  with  the  coracoiij, 
Lizards  (fig.  830) ;  the  fontanelle  which  frequently  occurs  m 
latter  instances  apparently  marking  the  original  line  of 
of  the  two  bones.     The  coracoid  may  vary  in  shape  fnwn 
spatulate  form  (Chelonia)  to  that  of  a  cheese<:utter  (Dine 

The  humerus  has  in  many  cases  no  distinct  distal 
(trochlese),  although  these  are  well  developed  in  the 
Lizards,  and  Sphenodon.  In  the  more  generalised  types  then  ■ 
quently  an  entepicondylar  foramen  to  this  bone,  but  in  the 
and  Chelonians  the  foramen  or  groove  is  ectepicondylar ;  and  il 
few  instances  both  foramina  are  present  The  radius  and 
always  remain  distinct.  The  number  of  bones  in  the  caipua ' 
considerably  in  the  different  orders,  but  in  Sphenodon  alone 
existing  forms  is  there  more  than  a  single  centiale  \  the  five  1 
bones  (carpalia)  may  be  all  distinct  from  one  another  (5g.  829). 
the  pelvis  of  the  majority  of  reptiles,  the  ilium  is  produced 
behind  than  in  front  of  the  acetabulum  (fig.  831),  and  thelaHdl 
more  or  less  completely  closed  by  bone ;  while  the  pubis  (fig.  Jj^ 
is  directed  downwards  and  forwards,  and,  like  the  ischium,  usa4 
meets  its  fellow  in  a  ventral  symphysis.  Among  the  Dinosaunot 
however,  the  pelvis  may  be  of  a  Bird-like  type,  when  the  pobcsA 
not  form  a  symphysis.  Usually  the  obturator  interval  fmnt  ■ 
open  notch ;  but  by  the  ventral  union  of  the  pubis  and  ischium  d 
the  same  side  this  notch  may  be  converted  into  a  foramen.  "Df 
femur  among  the  Dinosaurs  may  develop  an  inner  trochanter;  vA 
except  in  some  Omithosauria,  the  fibula  alwa)'s  remains  distine 
from  the  tibia.  As  in  the  carpus,  the  elements  of  the  tarsus  va; 
considerably  in  the  different  groups,  but  the  centrale  (navicular)  i 
only  present  in  the  Anomodontia,  the  Proterosaurta  (according  t 
Professor  Seeley),  one  family  of  Chelonians,  and  the  Ichthji 
pterygia ;  while,  with  the  exception  of  a  few  extinct  types,  and  perhaj 
the  existing  Chelonia,  the  fourth  and  fifth  tarsalia  in  all  land  fom 
coalesce  into  a  single  bone,  which  supports  the  fourth  and  fifi 
metatarsals.  In  certain  groups — such  as  the  Anomodontia  ai 
many  of  the  Chelonia  (fig.  829) — the  number  of  phalangeals  in  tl 
feet  of  pentedactylate  forms  may  be  the  same  as  in  Mammals, 
2i  3.  3i  3)  3 — the  digits  being  reckoned  from  the  first  to  the  fift 
In  Lizards,  however,  and  their  allies  the  number  of  phalangeals 
usually  3,  3,  4,  5,  3  in  the  manus,  and  2,  3,  4,  5,  4  in  the  pi 
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[auDC  numbers  obtain  in  seme  Dinosauna;  but  in  existing 

in    which   ihe  fifih  digit   of  the  pes  is  aburtcd,  the 

are  3,  3,  4,  4,  3  and  z,  3,  4,  4.     Among    the    Sauro- 

and  in  the  IchthyoptcT^-gia  the  number  of  ph^langcsls  is 

increased.     In  a  Ur^'c  numbtr  of  forms  the  tail  is  long; 

is  gmcrally  short  in  the  Anomodontia,  Sauropteij'gia,  and 

I  legaids  the  ctassiiicalion  of  Reptiles,  scarcely  any  two  WTitcrs 

as  to  the  number  of  orders  into  which  the  class  should  be 

and  still  less  as  10  ihcir  mutual   relniion:»,  and  the  larger 

onder  which  these  orders  may  be  arranged.    There  is  indeed 

litiic  diffiruUy  in  rt^rd  to  existing  forms,  in  »hkh  the  few 

ha\-e  Iveeome  more  or  le-w  sharjily  differentiated  ;  but  when 

back  to  the  early  part  of  the  Me^ozuic  epoch,  we  find  that 

an  the  orders  into  whieh  the  class  hax  been  divided  show 

I  Bgns  of  psu&ing  more  or  less  eomplctely  into  one  another,  that 

{ quite  ifupoesible  ID  exhibit  their  true  relationship  by  any  system 

daastficBlioD.     The  best  arrangement  seems,  therefore,  tn 

the  orders  under  a  series  of  diverging  branches,  which  will 

Ic  to  one  another  more  and  more  as  wc  recede  in  time — 

, about  the  epcKh  of  the  Lower  Ferroian  or  possibly  the  Carbon- 

,  it  B  probable  that,  if  we  knew  all  the  extinct  forms,  these 

would  be  seen  to  originate  either  from  one,  or  from  but  very 

It  ttans.     In  regard  to  the  number  of  these  branches,  there 

roooi  for  a  considerable  amount  of  discussion ;  almost  the 

'  abtolutely  sure  ground  that  we  can  feel  being  the  aftsocintion  of 

Ofders  forming  the  Aicho^aurian  branch.     To  a  less  extent 

Fcune  retruLrk  applies  to  the  orders  themselves  ;  and  the  right  to 

distittcdon  of  the  Protcrosauria  is  not  admitted  by  many 

while  there  is  rtot  perfect  accord  in  regard  to  that  of  the 

llhalu.     The  provLsional  arrangcmcnl  which  is  adopted 

Idas  work  Ls  a  modificaiion  of  one  rtpenlly  proposed  by  Ut  (J. 

IT,  of  New  Haven,  and  may  be  tabulated  as  follows,  vir.. : — 


TTttromarous  Branch. 
Sjma^tMirimi      •• 

Areiotaurian         ■• 


Order   1.  Anomodontia. 

r     1.       2.  Sauroplcrygia, 

1_     N      3.  Chelonia. 

4-  IcUihyo  pterygia. 

J.  Proierosauna. 

••      6.  Rhynchoccphalia. 

II      7.  S(|uamata. 

8.  Dinnxaiiria. 

■I      9.  Crncodilia. 

»    iol  Omithosauria. 


b  may  be  added  that  the  close  approximation  to  the  Amphibia 
jnemed  b;  the  earlier  members  of  several   of  these   braaches 
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suggests  the  idea  that  Reptiles  may  have  been  derived  from 
Amphibians  by  more  than  one  line  of  descent. 

The  Reptiles  in  the  passage  of  time  have  suifered  more 
than  any  other  class  of  the  Vertebrata,  only  four  of  the  abovH 
tioned  ordinal  groups — viz.,  the  Chelonia,  Rhynchocephalia, 
mata,  and  Crocodilia — now  existing ;  and  the  second  of  these 
represented  only  by  a  single  genus  with  two  species.     There  n 
doubt  as  to  the  earliest  known  appearance  of  the  class,  since  it 
been  thought  that  Mesosaurus  (Stereosiemum)  may  be  of  OA 
iferous  age,  but  it  is  more  probably  Permian.     In  undoubted 
mian  we  have  the  Proterosauria,  many  of  the  European 
donts,   and    the    Rhynchocephalian    genus  Paiaohatterta ;  i 
many  of  the  American   Anomodontia   occur   in    strata  which 
referred  by   the   Transatlantic  geologists    to   that   period.     \ 
the  advent  of  the  Trias  we  find  all  the  orders,  with  the  enqd 
of  the  Ornithosauria  and  Squamata,  more  or  less  fully  represoA 
And  while  the  former  order  makes  its  appearance  in  the 
ing  Lias,  we  have  at  present  no  traces  of  the  latter  till  the 
Jurassic.     The  class  reached,  however,  its  zenith  of  devdofn 
in    the   Jurassic   and    Cretaceous    epochs ;    the   greatest 
of  huge  aberrant  forms  being  characteristic  of  the  later  p>tt 
the  former  and  the  earlier  part  of  the  latter  epoch.     Although 
one  existing  Rhynchocephalian  genus  is  closely  allied  to  TJnm 
forms,  yet  we  have  no  instance  among  Reptiles  of  the  ensteoce^ 
a  genus  right  up  from  that  period  to  the  present  day,  as  we  htRbl 
Ctraiodm  among  the  Pisces,  thus  indicating  that  the  higher  i(| 
ascend  in  the  scale  of  organisation,  the  more  rapid  is  the  ctmp 
of  types — the  same  law  being  exemplified  by  the  occurrence  of  • 
isting  species  of  Reptiles  among  the  totally  extinct  Mammals  of  Ac 
Indian  Siwaliks. 
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Anomooohtu,  Sauroptekyuu,  AKD  ChEIjONIA. 


JCS  BRAKCit.  —  The  Rcplili-s  included  in  this  brnnch 
:  may,  for  the  pn»cnt  at  least,  be  arranged  in  a  single  otdcr, 
some  writers  would  prefer  to  regard  ihe  suborders  into 
order  is  here  divided  as  of  ordinal  iraponanca  'i'hc 
able  feaiures  found  in  this  order  are  the  rcKemblance  on 
to  the  IdbjTinlhodont  Amiibibb,  and  on  itie  other  to 
Mamnuls. 
I.  AsoMODOJrriA. — ^This  order,  which  is  equivalent  to  the 
Iota  (TbcromoTpha)  of  Professor 
|rc»cnta  the  follouiitg  charactcriiUc 
L  The  body  i*  laccniform,  and 
M  art  adapted  for  walking.  The 
I  OMBpatatirely  short,  with  n  fixed 
p,  t  pArieUl  foramen,  either  one 
jlempocal  arcades,  and  large  nasals ; 
(alate  the  pterygoids  meet  together 
H  of  the  basisphcnoid,  which  they 
b,  bat  diverge  anteriorly ;  while  the 
b  are  generally  small,  and  plaecd 
By  to  the  pterygoids,  as  in  Mammals, 
ttie  temporal  arcade  consi:iis  of  only 
^  chain  of  bones,  ii  is  a  squamoso- 
ly  one  (p.  904).  The  dentition  is 
^t.  but  the  teeih  may  be  anchy- 
!0  the  lionc  The  vertebras  have 
Dcluus  and  in  lionic  cases  noto- 
I  centra;  the  dorsah  canning  long 

ise  processes,  and  the  ribs  aniculatin^  by  double  heads  in 
trior  region  of  the  trunk.    As  a  rule  abdominal  nhs  appear 


tS  ilic  irVt  humrnii  of  ItftitA 

lyuvni  at  Souib  Africa.      Half 
nManil  hi*,     s.  Kn'epirandirlu 


ay.    CAdei  Hiulcy 


T 


1054 


CLASS  REPTILIA. 


to  be  absent.  An  interclavicle,  clavicles,  and  precoracotds  a 
ent,  and  a  sternum  was  probably  always  developed.  The 
(fig.  978  bis)  has  an  acromial  process  with  which  the  prec 
articulates.  The  humerus  (figs.  978,  982),  is  characterisei 
well-developed  distal  condyles,  and  the  invariable  presena 
entepicondylar  foramen ;  while  its  delto-pectoral  crest  is  gi 
much  developed.     In  the  pelvis  the  pubis  is  placed  ent 

advance  of  the  ischium,  to  whii 
completely  united,  with  the  {wes 
some  forms  of  a  small  fontanellt 
senting  the  obturator  foramea 
ilium  may  have  almost  its  whol 
in  advance  of  the  acetabulum, 
tarsus  has  one  centrale ;  and  tti 
angeals  of  the  manus  and  pes  a 
caliy  2>  3.  3.  3.  3  in  number 
Mammals,  the  whole  structure 
foot  being  likewise  of  a  Man 
type. 

This  order  appears  to  be  coni 
the  Permian  and  Trias.  It  ha 
considered  that  the  Anomodo 
the  parent  stock  not  only  of  a 
Reptiles  (with  the  possible  excel 
the  Ichthyopter^a),  but  also 
Mammals.  Later  researches  < 
however,  altogether  countenan' 
view,  although  there  can  be  ik 
Fig.  1,78  w».— Lateral  M^t  of  that  they  are  closely  allied 
parent  stock  of  Mammals, 
observations  have  indeed  shown 
conclusively  that  this  order  is 
descended  from  the  Labyrin' 
Amphibians,  and  more  especial 
the  Archegosaurian  family.  Thus  in  the  small  size  or  abseno 
obturator  foramen  in  the  pelvis  the  entire  order  shows  most  ■ 
affinities  to  that  group ;  while  in  the  small  size  of  the  Cora 
some  forms,  in  the  presence  of  a  distinct  precoracoid  (epico 
of  very  distinct  condyles  to  the  humerus,  of  the  centiale 
tarsus,  and  also  in  the  number  of  phalangeals,  it  has  ch 
common  both  to  the  Labyrinthodonts  and  the  Monotreme; 
are  not  found  together  in  any  other  group  of  Reptiles, 
three  groups  also  resemble  one  another  in  the  non-devel» 
as  a  general  rule,  of  abdominal  ribs ;  while  signs  of  affir 
tween  them  are  shown  by  the  shortness  of  the  tail,  and  th 


the  canilagc  bonn  of  ihe  righi  aie 
of  the  pectoral  girdle  of  «  Uicyno- 
tlont ;  frotn  the  KarOQ  riy^tem  of 
Africa,  k,  Si:apula ;  a,  Acromial 
prtxreu  of  do.  ^  f-^^*'i  Precoracoid  ; 
cor,  coracoid ;  gl^  (jLenoLd  cavity. 
Half  natural  ti». 
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the  exocci;>ilal  dements  of  the  occipital  condyle  in  the 
;  order.  In  the  presence  of  an  entciJicondjlar  foramen  tu  the 
the  Anomodonls  agree  with  Rhynchoccphahans,  Sauro- 
ukI  Miunmals.  In  many  cases  (fig.  978  iis)  the  piecora- 
a  lai^e  plate-like  bone  suturally  united  with  the  whole  of 
border  of  the  coracoid,  and  also  aniciilaling  largely  with 
pfocesR  of  the  scapula ;  thus  eichiliiling  a  iiarallelisra 
ibc  ttruclnre  of  the  pcctoMi  and  pelvic  girdles  found  in  no 
jlcs.  The  above  features,  together  with  certain  poinU  in 
of  [he  palate  mentioned  below,  suggest  very  strongly 
It  of  the  Moootrerne  Mammals  from  the  name  primitive 
thai  which  gave  rise  to  the  Anomodonts.  If,  moreover,  Dr 
o  li^l  in  cortsideting  that  lliis  order  docs  nui  include  the 
.  ancestors  of  Mammals,  it  would  appear  that  the  dcveluptncnt 
lb  more  specialUcd  repiesentatives  has  follovred  a  course  in  some 
parallel  to  that  of  Mammals, 
>iit>KK  I.  Pahiasai'kjx. — 'Phis  suborder  includes  the  most 
members  of  the  order,  which  make  the  nearest  approach 
tbe  Amphibia.  The  cranium  i*  at  once  characterised  by  the 
ifiAg  orcr  of  its  pottero-lateral  or  quadratic  region,  after  the  Laby- 
ibadotii  manner,  by  the  postoibital,  !>quamosal,  and  upisihotic 
jMs;  Typically  the  pfllate,  which  approximates  to  an  Amphibian 
ttf  and  has  been  compared  to  that  of  Nyrania  (fig.  825),  appar* 
Hy  has  l»o  flooring  of  the  nasal  passage  to  form  secondary  posterior 
|n.  The  skuU  also  has  two  temporal  arcades,  and  the  external 
ibct  of  ibe  cranial  bones  is  frequently  sculptured,  as  in  the  typical 
tliytimhodont&.  I'hc  vertebral  centra  retain  a  notochordal  canal ; 
C  ntKober  of  sacral  Tertetine  wok  limited  to  two,  of  which  only 
ic  flupports  the  ilium ;  and  inicrccntra  may  be  present.  The 
lira  is  of  a  l-abyrinthodont  type,  the  ilium  forming  a  triangular 
ue  elongated  in  a  direction  olilique  to  the  a\is  of  the  sacrum^ 
kh  which  it  articulates  obliquely  ;  and  there  being  no  oblmntor 
■asMSi  between  the  pubis  and  ischium.  The  humerus  pmbably 
doogmg  to  this  group  differs  from  that  of  other  Anomodonts  in 
b  dight  expansion  of  the  extremities,  and  in  that  the  lower  aperture 
ftbe  entepicondylar  foramen  opens  on  the  distal  surface  of  the  bone. 
Fawlv  Pariasaurii>.£. — The  type  genus  Pitriasaunts  occurs  in 
K  Bemfon  beds  of  the  Karoo  system  of  South  Africa,  of  which  the 
irtebtate  fauna  presenu  a  Triasaic  facies.  The  best  known  species 
t  inMdfKi)  attains  thedimen&ionti  of  a  large  cifM-odilc  ;  and,  with 
e  ■nfijrtunate  exception  of  the  limbs,  the  entire  skeleton  is  knuwn, 
id  has  been  described  by  Profc?ssor  Seeley.  In  addition  co  the 
idpture  on  the  booes  of  the  skull,  mucous  canals,  like  those  of  the 
ll^hDthodonts,  arc  also  present  The  teeth  are  of  uniform  siic, 
,  altbotigh  ai>chytoscd  to  the  bone,  arc  set  in  distinct  sockets, 
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and  were  replaced  after  the  Crocodilian  manner;  their  crownil 
somewhat  compressed  and  grooved.      The  premaxilbe 
have  been  small,  as  in  the  Amphibia.      There  are  39 
of  which    18  are  presacral,   and  two  are  anchylosed 
form  a  sacrum ;  while  wedge-shaped  intercentra  are  also 
The  neural  spines  are  extremely  short,  and  the  centra  of  Uk 
vertebras  are  very  small  in  proportion  to  their  arches ;  and  1 
lirst  sacral  vertebra  supports  the  ilia  of  the  pelvis.     Small 
present  in  the  caudal  region ;  and  there  was  probably  a 
armour. 

Professor  Seeley  concludes  that  this  very  remarkable  and 
like  Reptile  is  a  direct  descendant  from  the  Labyrinthodonts ; 
affinities  to  that  group  being  displayed  in  the  characters  of  the  i 
in  the  notochordal  canal,  and  the  large  arches  of  the  vertebne ;  ■ 
support  of  the  pelvis  by  a  single  vertebra  ;  as  well  as  in  the 
of  the  pectoral  and  pehic  girdles.     The  Utter  features,  together ' 
the  general  structure  of  the  palate,  being  identical  with  those  of  tfl 
Anomodonts,  there  appears  every  reason  for  referring  this  frmily  { 
suborder  of  that  group. 

The  genus  Propappus  is  founded  upon  a  humerus,  fifOD 
Karoo  system  of  the  Cape,  of  the  above-mentioned  type,  and  dM 
is  no  direct  evidence  of  its  distinctness  from  Pariasatms.  U 
innominate  bone  referred  to  Di^nodon  honiups  probably  bdoap 
however,  to  Propappus,  which  may  thus  be  entitled  to  AM 
The  pelvis  and  sacrum  described  under  the  name  of  Dujiui^ 
Hgriups  also  seem  to  indicate  a  member  of  this  suborder,  since  A 
ilium  is  of  the  same  type  as  in  Pariasaurus,  and  is  connected  «M 
the  sacrum  by  only  a  single  rib,  while  there  is  no  obtunta 
foramen. 

From  the  general  resemblance  of  its  skull  to  that  of  Pariasaum 
we  may  refer  to  this  family  the  genus  Anihodon,  of  the  Sertl 
African  Karoo  system,  which,  although  originally  regarded  by  Sir  B 
Owen  as  a  Dinosaur,  must  be  included  in  the  present  order.  1 
agrees  with  Pariasaurus  in  the  roofing  over  of  the  quadratic  tega 
and  the  continuous  replacement  of  the  teeth,  which  are  in  a  unifnn 
series ;  but  differs  in  the  form  of  the  teeth,  which  resemble  those" 
the  Dinosaurian  A<anthopholis. 

Family  Pariotichid*. — This  family,  although  agreeing  with  tl 
Pariasaurida  in  the  sculptured  cranial  bones  and  the  roofing  a\ 
of  the  quadratic  region,  differs  in  the  dentition  being  of  a  can 
vorous  type.  All  the  known  genera  are  from  the  reputed  Permi 
of  North  America ;  and  the  family  is  included  by  Professor  Cope 
the  next  suborder.  The  three  genera  are  Pariotkhus,  £ctocynodi 
and  Patttylus.  In  Ectoeynadon  the  first  premaxillary  tooth  is  tu 
like,  and  there  is  also  an  enlarged  tooth  in  the  middle  of  the  nuu 
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The  no&trils  are  large  and  lateral ;  and  at  the  junction 

;  of  the  bones  of  itic  pelaic  wiih  the  maxilla,  the  taoth-bcaring 

b  vide,  and  supports  four  pamlle)  rows  of  small  obtuse  teeth. 

p/ni,  which  was  originally  described  as  a  Labyrinihodont, 

are  more  equal  in  size. 

>ROER   J.  Theriodontia. — ^This  suborder,   which  is    taken 

Or  Baur)  to  include  the  Pelycxisauria  of  Professor  Cope,  is 

by  the  absence  of  a  bony  loof  over  the  quadratic 

I  of  the  skull,  and  the  presence  of  oaly  a  single  wide  temporal 

(fig.    979)1    apparently  consisting  of  a  conjoint   squumoso- 

and  quadrato-nuxillary  aniade.     The  mandible  has  no 

I  incutty. 

KMDe  esses,  as  in  the  American  forms,  the  vertebne  an:  still 

kl ;  iniertentra  may  be  developed,  to  which  the  capitular 

of  the  ribs  arc  anirulaied,  and   there  are   not  more  than 

three  sacral  %-ertebrx.     The  dentition  is  fully  developed.     In 

of  the  African  fonn&  at  least  the  maxillae  develop  palatal 

Id  floor  the  nasal  passage,  and  thus  produce  tall  and  nearly 

potrterioT  nares,  sirikingly  like  those  of  MiiEninLils.     The 

bite  mnain  separate. 

ibase  of  the  typical  African  forms  in  which   the   pelvis   is 

the  ilium  is  somewhat  intermediate  between  that  of  the 

■uria  and  Dicynodontia,  having  a  distinct  but  small  obturator 

The  buments  i»  usually  more  or  leRii  of  a  Dicynudont 

,  having  expanded  extiemiiies,  and  the  entepicondylar  foramen 

[fb  lower  apenure  opening  on  the  palmar  aspect  of  the  hone 

iz)  ;  there  b  generally  a  marked  thin  flange  on  [he  postaxia! 

opposite  this  foramen  which  docs  not  occur  in  the  Dicy- 

evidently  nearly  related  to  the  Pariasauria  the  present 
departs  farther  from  the  I>abyrinlhodom  type,  as  is  shown  by 
tk>»  of  the  roofing  bones  in  the  quadratic  region,  as  wcH  as  of 
;Wpcnor  tcmpora]  arcade,  and  by  the  absence  of  sculplurc  or 
canalf  on  the  skull.  This  adi.-aiice  U  -iIbo  indicated  hy  the 
icnt  of  secondar)-  poatcrior  narw,  by  the  fuller  aiiaclimcnl 
rf  the  lib  to  the  sacrum,  and  the  relatively  larger  centra  of  the 
Mxcfane  of  the  higher  types  ;  as  well  sm  by  the  development  of  the 
(htoniior  foramen  in  the  pelvis. 

FiMiLV  Tamnocepma  L  rn.^ — This  family  may  be  t.iken  to  in- 
tWe  two  gigantic  Anomodonts  from  the  Karoo  system  of  the  Cape, 
faoilxd  under  the  names  of  Tapincaphalus  and  Tilanesuchus. 
Ifc  former  is  known  typically  by  the  exireniiiy  of  the  cranium  ;  the 
*nichrx  probahly  belonging  to  it  ha^ng  shon  and  notochordal 
Cddra.  A  pelvis,  found  in  association  with  some  limb  bones,  has 
txxa  ikscrd>ed  under  the  name  of  PKoeoiaurus,  but  there  is  no 
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Fig  sTg.-Lcfi  laicnl  upcci  ofihe  ikull  or  CoiEciaifrMr 
flattictfi :  from  tbe  Kan»  ly^tcm  of  Souita  Africs.  Re- 
duced.   Or.Orbit.   Onlyumeof  thechcek-Ieclb  Ullhown. 


evidence  to  show  that  it  does  not  belong  to  Tt^tai^haha. 
associated  bones  show  that  the  coracoid  was    distinct 
precoracoid,  and   that  the  short  and   massive  humenu 
ectepicondylar   foramen.      In  Titanosuchus  the  dentiticm 
probably  the  case  with  Tapinoaphaius)  was  of  a  camivwooi  \ 
the  humerus  is  characterised  by  the  presence  of  an 
foramen  {in  addition  to  the  entepicondylarX  which  pieicedi 
through  the  shaft  of  the  bone ;  while  a  bone  incorrectly  ■ 
as    the   pubis  shows    that  the  precoracoid    was   fused 
coracoid. 

Family  Galesaurid*. — Nearly  the  whole  of  the  typic2l 
dontia  of  Sir  R.  Owen  may  be  provisionally  included  in  thii  I 

since,  althoa^ 
genera  have 
others  double  i 
skulls  of  tbe 
so  closely 
another  as 
render  it  ini[ 
refer  them  to 
families.  Tbe  bndrt 
characterised  by  4 
humerus  (when  knon 
being  of  a  more  elongated  type  than  in  the  preceding  ^unily,  n 
by  the  smaller  size  of  its  members  ;  while  the  vert  ebrae  were  probiU 
different  from  those  of  the  latter,  and  had  no  intercentra.  Ti 
dentition  is  of  a  carnivorous  tj'pe,  and  differentiated  into  an  antcrin 
or  incisive,  series  separated  by  one  large  tusk  or  canine-hke  toofl 
from  a  lateral  series  of  cheek  (or  molar)  teeth  ;  thus  simulating  di 
dentition  of  carnivorous  Mammals,  and  more  especially  that  ttT  til 
pol>'protodont  Mesozoic  Marsupials.  There  are  no  teeth  on  ill 
palate.  The  majority  of  the  genera  are  from  the  Stonnberg  ■■ 
Beaufort  beds  of  the  Karoo  system  of  South  Africa ;  and  »c  u 
mainly  indebted  for  our  knowledge  of  the  group  to  the  labaa 
of  Sir  R.  Owen. 

In  the  type  genus  Gaksaurus,  with  which  Nythosaurus  is  ideal 
cal,  the  skull  (fig.  979}  is  much  depressed,  with  the  nares  divide 
by  a  narrow  septum  ;  there  are  4  anterior  and  12  cheek-teeth,  (1 
latter  having  tricuspid  crowns.  In  Lycosaurus  (Rg.  980,  a,  c)  1 
have  larger  forms  distinguished  by  the  lateral  compression  of  tl 
skull,  the  distinctly  double  nares,  short  mandibular  symphysis,  ai 
by  the  number  of  the  cheek-teeth  being  reduced  to  5  ;  the  derelo 
ment  of  the  tusks  being  very  great  jSlurvsaurus,  again,  appes 
to  be  a  neariy  allied  but  still  more  specialised  genus,  in  which, 
the  reduction  of  the  septum,  the  nares  have  united  to  form  a  sinj 
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Qm*drMO  (fig.  980,  b)  alao  includes  targe  funns  with 
eloped  tusks,  having  compies&ed  crowns  with  serratiMl 
th<»e  of  the  Mammalian  genus  Macharodus ;  the  narcs 
Hdcd.  Other  geneta  from  the  Karoo  si'Siem  shuwing  Uie 
»re  CynoiAamfita,  Cynasuchus,  and  Stt>J»jK>siiurits  ;  the 
one  of  the  nnallest  known  forms.  Tigrisuthus,  again, 
itvbcd  by  its  single  nares;  while  Gor^mps,  of  the  same 
tuu  a  naiimr  Battened  skull,  with  the  anangcmcnt  of  the 
at  (rom  that  obtaining  in  all  the  preceding  {jenen,  and 


rm 


■^t,Jto—faf^*Mfl  vlwirt  af  itwWkoUnf  ^jmiMiwi;  •,  AnMftsr  ^w  of  ifcc 
HM«;  baa  iIm  Kara* ■TMwi>'  Sa«b  Africi.  Hadam].  i  indinia  the  link' 
»Mik    (After  0-«>.> 

Ucate  a  diitina  (ainily.       Detttfrcsaurus  anti  othur    forms 
t  Permian  of  Russia,  which  arc  included  by  Sir  R.  Owun  in 
ad  'llieriodonlia,  arc  noticed  hclow, 
LV  CleMvdrowd.«. — This  name  is  applied  by  Professor 

0  carnivorous  Tbcriodoniia,  distinguitthcd    from  ihc   GaU' 

1  either  by  the  developmeot  of  teeth  on  the  palate,  or  by 
nocdinar)'  character  of  their  dorul  vcrlebne,  in  which 
[ercenira  are  typically  present  All  the  genera  are  typically 
r  reputed  Permian  deposit!)  of  North  Ami^rica.  In  the 
nus  CUp^Arvps  the  premaxillary  and  maxilLirj-  teeth  nre 
ted  size,  atKl  the  denuiry  bone  of  the   miindiblc  has   two 

tu&ks  near  its  extremity.     Teeth  are  alu^i  borne  on  the 

ds;  and  ihe  neural  spines  of  (be  dorsal  vcrtchtic  arc  not 

dy  elongated.     Ja  Vimetrod&n,  the  most  rvntarkablc  char- 

tbc  extraordinary  development  of  the  neural  spines  of  the 

otebraB,  which  resembled  those  of  Ntiosaurut  (fig.  981), 
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with  the  exception  of  having  no  horizontal  processes.  Tht 
of  the  spine  in  one  species  is  more  than  twenty  times  the 
of  the  centrum ;  and  Professor  Cope  concludes  that  then 
formed  a  kind  of  elevated  fin  on  the  back,  of  which  it  is  ' 
to  imagine  the  use.  Naosaurus  diflers  from  the  precedii^ 
above-mentioned  horizontal  proce 
the  spines  of  the  vertebne  (fig. 
The  premaxilla  had  one  tusk ;  aoi 
were  two  similarly  enlarged  teeth  i 
anterior  extremity  of  the  maxilla, 
which  comes  a  series  of  some  twdv 
of  equal  size,  with  compressed  and 
recurved  crowns.  Numerous  small 
teeth  are  also  dotted  over  the  palatii 
pterygoids.  This  genus  has  also  t 
corded  from  the  Permian  of  B< 
Other  American  genera  included 
family  by  its  founder  are  EmhoU^ 
Edaphosaurus,  Archaobelus,  Tien 
and  perhaps  Lysorophus  —  Tie? 
being  characterised  by  the  presi 
well-developed  abdominal  ribs. 

Here  may  be  mentioned  the  geni 
eorhachis,  from  the  Lower  Pern 
France,  of  which  the  lateral  chee! 
tion  presents  a  considerable  resen 
to  that  of  NaosauruSy  although  it 
known  whether  teeth  were  present 
palate.  The  neural  spines  of  the  v 
are  of  normal  type ;  but  it  is  not 
whether  intercentra  were  present,  or  i 
the  centra  were  notochordaL  The  h 
(fig.  98a)  differs  from  that  of  the  C 
rida  in  the  contour  of  the  distal  ext 
Professor  Seeley  regards  the  above-mentioned  humerus  fh 
Karoo  system  of  the  Cape,  described  by  him  under  the  n 
Propappus,  as  indicating  an  allied  form,  but  there  is  not! 
justify  this  association.  Stereorhachis  may  constitute  the  ty 
distinct  family,  but  there  is  at  present  no  evidence  to  supp 
view  that  this  genus  (together  with  Propappus)  represents  a  1 
order,  for  which  the  name  Gennetotheria  has  been  proposed. 
Family  BolosauriD£. — This  family  is  also  typically 
from  the  reputed  Permian  of  North  America,  where  it  is 
sented  by  the  genera  Bolosaurus  and  Cfuiot^x.  In  the 
the  teeth  are  fixed  in  shallow  alveoli,  and  have  their  croi 


Fib-  981.— Anterior  view  of 
dorul  veriebni  o{  .VaeianrtH 
clavigir;  from  ihe  Pennian  of 
Texas.  Onc-ftixlh  nalurml  tizE, 
Ct,  Centrum.    (Aftci  Cops.) 
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ly  to  the  axis  of  the  jaws.     Those  croims  are 

their  baie,  and  have^  a  low  apex  vertically  divided  into 

ons,  of  whkh  the  inner  one  in  the  upper  jaw  is  low  and 

I,   and    the   outer   forms   a   curved    claw-like  cusp  —  the 

teeth   consisting  siinpl}-  of  an  inner  ledge  and  the  outer 

i  there  being  no  cnlan;cd  lusks.     Afflarmfsaums,  of  the 

losits,  nujr  perhaps  be  referable  to  lliis  family. 

Urge  OenttrvinuriU,  from  the  Russian  I'crmiun,  the  prc- 

tceih  (fig.  9Sj)  approximate  10  the  de^scription  of  tliu&e 

MmM,   but  there  are   lar^ 

'.  teeth  resembling  those  of 

wtrridr  behind  the  five  prc- 

■  teeth  ,  the  narcs  beiiif;  di- 

This  genus  may  be  regarded 

lenting  a  distinct  carnivorous 

A  tooth    from   the   Karoo 

if  South  Africa,  haiing  the 

characters  of    the    anterior 

DtJitfntiaurus,  but  with  ihc 

Olden  of  the  inner  surface 

cjuvn    rormitig    ridges,    has 

fcdc  the  type  of  the  geni» 

in.     hn  associated  series  of 

B   the   British   Museum  may 

D  the  same  form  ;  the  vertc- 

notochordal,  and  the  bumcrua 

D  size  with  the  one  mentioned 

s  Srilkiypus.     Here  may  be 

the  genus  Rhopahdotty  from 

nian  of  Russia,  founded  upon      ria.  <*.-Ant^,^.  ^  ,h,  u»«v 
■buuir  minus  which  may  he-  f*"  •^  hnin«nit  of  SurttthiKhit  J»m- 
the  same  family.     Perhaps,  Oi»-t«if  natttr.! ««.  (Aft.r  Cndir.) 
\  the  mo&t  remarkable  specj- 

n  these  deposiu  is  the  distal  portion  of  a  large  humerus 
d  mdcr  the  name  Briihcpm  {Rurasaurui) ;  the  proximal 
nothcT  humous,  which  has  received  the  name  of  Orlhcpits, 
'  belor^ng  to  the  same  species.  The  former  sipcciincn 
"table  for  ha\-ing  both  ectepicondylar  and  eniepicondylar 
condition  elsewhere  known  only  in  7'^ianosMchm  and 
'K,  Or  Baur  has  suggested  that  <hi54  specimen  m^y  belong 
icbocephalian,  but  it  is  ceitain  that  it  \%  referable,  as  ijir  K. 
pointed  out,  to  the  present  suborder ;  and  it  is  quite 
X  it  may  prove  to  belong  to  Dtuttrataums,  in  which  case 

should  be  superseded. 
V  OiAlttcnDX. — This  family  is  also  founded  upon  genera 
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from  the  Permian  of  North  America,  and  includes  Diadttta,^ 
pedias  {Empedocles),  and  Helodectes.  The  teeth  (fig.  9! 
transversely  elongated  like  those  of  Boiaamrui,  and  arei 
divided  by  a  median  vertical  ridge ;  but  both  the  innet 
outer  moieties  are  equally  low.  Their  alveoli  are  not 
and  the  edges  of  the  crowns  are  obtuse,  with  tuberosities  od  ; 
of  them  distinct  from  the  apex  of  the  main  ridge.  Profesurl 
regards  this  peculiar  type  of  dentition  as  indicative  of  a 
diet  1'he  brain-case  differs  from  that  of  the  CUp^refUm 
manner  analogous  to  that  in  which  the  brain-case  of  the  Va. 


Fig.  gS^— LtlcriJ  view  of 
a  prcmaxLllary  tooth  of  DtU" 
ttrotaunti  hmrmUttt  I  froin 
the  Upper  Permian  of  Rufwa. 
Half  DBIural  size. 


Fig.  984- — Laientl  and  palatal  new 
of  a  poMmor  toocb  oT  Bmftdim*  mm- 
Utrii :  rnuo  tlu  Penoian  of  Nonli 
America. 


is  distinguished  from  the  same  part  in  other  Lacertilia — that  is,  it 
continued  between  the  orbits  so  as  to  enclose  the  olfactory  lob 
in  bone.  Phanerosaurus,  from  the  Permian  of  Germany,  is  refen 
by  Professor  Cope,  from  the  structure  of  its  vertebrae,  to  this  or  tl 
preceding  family. 

SuBOHDER  3,  DicvNODONTiA. — In  this  suborder  the  verteb 
have  no  notochordal  canal ;  intercentra  are  wanting ;  and  tl 
sacrum  includes  from  four  to  five  vertebrae.  There  is  in  no  <3 
more  than  one  pair  of  teeth  in  the  alveolar  borders  <rf  I) 
upper  jaw,  while  there  are  none  in  those  of  the  mandible.  Tl 
palate  is  of  the  general  type  of  that  of  the  Theriodonts,  but  tl 
premaxillse  unite  to  form  a  single  beak-like  bone,  and  the  mandibol 
symphysis,  which  is  very  deep  and  laterally  compressed,  is  likewi 
anchylosed.  The  nares  are  double  ;  and  it  is  probable  that  in  sod 
forms  a  part  or  the  whole  of  the  alveolar  borders  of  the  mand^ 
was  sheathed  in  horn  \  while  the  mandibular  rami  have  laiei 
vacuities  (fig.  985,  b).  There  is  a  single  temporal  arcade,  whii 
appears  to  be  a  squamoso-maxillary  one.  In  the  pelvis  the  Ilium 
much  expanded  in  an  antero-posterior  direction,  the  expanded  pla 
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riy  parallel  to  the  ^crum  ;  and  there  is  a  small  obturator 
The  humerus  (flg.  978)  is  expanded  at  the  two  ex- 
witJi  a  prominent  dcltopcctoral  crest.'  ard  with  the  lower 
of  the  entepicQtidylat  foramen  opening  on  to  the  palmar 
The  memhcTS  of  this  group  -are  found  in  the  Stormbcrg 
iftjrt  beds  of  ihe  Karoo  sj-stem  of  South  .\frira,  and  the 
il  GondwMtas  of  Central  India. 

uv   UtCTNODOXTlD*. — Thts  family  is  characterised  tiy  the 

of  teeth  on  the  palace.     The  t^iK  genus  Diiynedon  was 

known    representative  of  the   order,  and  was  originally 

by  Sir  R.   Owen  from  «pccimcn&  brought  from   South 


:il}.-tUHBl  T'm  afih*  ilnill  t/f a1  DinwiJfH  lattrtittfi.  am!  (b)  Udmmhi  BminJ: 
(rcB  lb*  Kafoa  ipDia  of  SouiK  AAici.     Rnluctil.    (Alttr  Owan.) 


It  is  chaiacierised  by  the  presence  of  a  lusk-lilce  looih 
Is.  a)  rto**"?  fro*"  s  persistent  pulp  in  each  maxilla — the 
of  the  jaws  liciog  edentulous,  with  trenchant  edges.  The 
of  the  slcuU  is  rounded,  the  maxillx  are  not  strongly  ridged, 
BiTte  arc  approximated  to  the  muzzle,  and  the  supraoccipital 
a  broad  bar  above  the  foramen  magnum.  This  genus  may 
ifco  occur  in  ihc  Panchel  stage  of  the  Indian  (londwanns.  In 
0.  Hgriftfii  the  skull  has  a  length  of  so  inches.      In  Ftyehoriagtim* 

' The  ikfaopceioral  crew  b  itic  ridiieon  ihe  ilgM  ti'leof  Ihe  upper  half  of  the 
•pie. 
'  Thii  Dcw  nunc  l»  propcxteJ  in  Un  of  J^yficgiMfAus,  which  u  preoccupied. 
VOL  11.  M 
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{Ptychognathus)  there  is  also  a  pair  of  tusk-like  upper  tee^j 
the  skull  is  angulated,  with  strong  ridges  on  the  maxilta,  the  1 
far  behind  the  muzzle,  and  only  a  very  narrow  supraocdpiB 
above  the  foramen  magnum.     The  typical  species  are  from 
Africa,    but   another   representative   of  the    genus    occurs 
Gondwanas  of  Central   India,  which  was  originally  dc 
Di^nodon  orientali's.     A  very  imperfect  and  flattened  skeleton  I 
the  Karoo  system  has  been  made  the  type  of  the  genus 
thus,  which  is  said  to  be  characterised  by  the  small  size 
canine-like  tooth,  and  the  presence  of  only  two  phalangeab  ii 
the  digits  except  the  third.     It  appears,  however,  that  these  1 
differences  do  not  really  exist,  the  difference  in  the  humenii  I 
due  to  a  comparison    of  opposite  aspects,  and  the   numl 
phalangeals  being  apparently  normal,  so  that  this  form 
belongs  to  DicyHodon.     The  same  remark  will  apply  to  put 
skeleton  from  the  same  beds  upon  which  the  genus  £iayattfm\ 
been  founded.     The  genus  Udeno^n  {Oudeneden)  is 
by  the  total  absence  of  teeth  (fig.  985,  b),  but  is  otbenricl 
closely  allied  to  Dicynodon  that  it  must  certainly  be  included  in  I 
same  family.    The  nares  are  somewhat  approxiraated  to  the  1  ~ 
and  the  profile  of  the  muzzle  is  rounded.     It  occurs  in  the 
system  of  the  Cape  Colony ;  and  some  of  its  representatiia 
tained  very  large  dimensions.     CisUeephalus  {JCist^xpiahu) 
prises  smaller  forms  from  the  same  beds,  in  which  the  skull  is  1 
depressed,  with  the  orbits  directed  frontally.     There  was  a  pair  1 
tusks  in  the  maxillie. 

The  name  Platypodosaurus  has  been  applied  to  a  considenUl 
portion  of  the  skeleton  of  a  Dicynodont,  from  the  Karoo  systen^  il 
which  the  skull  is  unfortunately  unknown,  and  which  may  prove  K 
be  identical  with  Udenodon,  unless  it  belong  to  EndotkiodoH.  Thl 
remarkably  Mammalian  structure  of  the  pelvis,  in  which  there  i 
a  small  obturator  foramen  between  the  pubis  and  the  ischium,  i 
fully  noticed  in  Sir  R.  Owen's  description  of  the  specimens. 

Family  ENDOTHiODONTiD.t, — The  remarkable  genus  EndMia 
odon,  compri-sing  large  reptiles  from  the  Karoo  system  of  the  Cape 
forms  the  type  of  a  family  distinguished  from  the  preceding  by  thi 
presence  of  teeth  on  the  jxilate.  The  skull  presents  a  strong  gen 
eral  resembl.ince  to  that  of  Udenodon,  but  the  muzzle  is  mow 
elongated,  and  the  nares  are  terminal  and  overhung  by  the  nnas.«in 
nasals.  The  alveolar  borders  of  the  jaws  are  trenchant,  but  the  on 
surface  of  the  palate  and  mandible  carry  one  or  more  longitudina 
rows  of  columnar  and  cylindricil  teeth.  The  remarkably  Maio 
malian  type  of  the  palate  of  Endoihiodon  is  noteworthy.  The  skul 
from  the  same  deposits  described  as  Theriognathus  seems  to  belong 
to  Endothiodon. 
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vtiJan  has  l>CT:n  compared  to  the  RhjmchoccphaJian  JfAyncAa- 

iand  also  to  Platodut;  lioi  although  there  is  a  marlced  super- 

iblancc   iKrtwccii  the  three  forms  in  the  palate  and  Iccth, 

is  but  apparent,  since  while  in  Endothiodon  the 

borne  00  x  MCOixlaT>'  bony  floor  beneath  the  narial  pa.-»dage, 

\VT  geaesa  they  are  wpponed  on  the  pro[>er  surface  of  the 

which  the  posterior  lUrcs  open  directly,  without  the  inter- 

of  a  scconclar)-  passsgC: 

»itDEit  4.  Piiocoi^raoKt&. — According  10  a  recent  ohserver 

los  I*nxalefikam,  represcnitxl  by   comparatively   small   forms 

Karoo  system  of  the  Cape,  differs  so  decidedly  from  the 

satia  that  it  is  entitled  to  form  a  distinct  .mhordcr,  showing 

lignft  of  affinity  with  the  Rhynchoccphalia.     The  yVoiw/a- 

have  a  full  dentition,  hut  no  tu<>k>likc  teeth,  and  the  narcs 

Although  the  pectoral  girdle  still  has  a  distinct  pre- 

|)ei  its    whole  characters  approximate   to   iho»e  of  the 

phalian  genus  SfikeaadMt.     The  humerui!  also  resembles 

3nding  bone  of  the  latter ;  and  in  the  skull  the  pterygoids 

forwmrds  in  the  same  manner  to  join  the  vomeni  and  exclude 

kpabuncs  from  the  middle  line  ;  while  there  are  no  secondary  pos- 

:  aarcs  ;  and  teeth  arc  borne  on  both  Uic  pterygoids  and  vomers, 

be  young  of  SfiJienodon. 

jr  PljIcooontia. — Our  sole  knowledge  of  this  group,  repre- 
.  by  Plaadus  {ftp  986)  and  Cyamcdus  of  the  Middle  Trias,  or 
Ik  of  Germany,  is  derived  from  the  skull,  ko  that  we  are 
IfRwot  to  a  great  extent  in  Uie  dark 
wdieir  true  affinilieK.  These  formii, 
baling  been  rcf^rded  as  Ganoid 
icre  referred  by  Sir  R.  Owen  to 
'  Sanroptcr^ia  ;  and  the  type  j;cni» 
■bks  the  Noibosaurs  in  ihc  back- 
.  position  of  the  nares  and  the  form 
ibi  ibe  crania!  rostrum.  The  skull  has, 
hdccd,  been  said  to  present  many  points 
M  mcmblancc  to  that  of  the  Anomo- 
Awn,  and  more  especially  EmiotAiodaM, 
'to  which  genus  tt  i»  considered  by  Sir 
.  Owen  to  be  closely  allied.  The  re- 
in the  form  of  the  palate  is, 
as  ftlrcady  mentioned,  only  a 
one ;  the  present  form  having 
r  to  the  nana]  passage,  dnd  the  pos- 
iBMroarcs  opening  dircaly  into  the  roof  of  the  mouth  by  horizontal 
iVDiafei.  u  in  the  Sauropterygia.  The  skull  is  broad  posteriorly, 
n^double  naieSi   a  deep  and  apparently   compound    tempoial 


rio.  gS6.— Till  Impitrcct  iialMc 
af  Piiiotibu  rigai :  from  lh<  Mii>< 
chclkallt  of  TUyieuih  Onc-fuinih 
iuliirsl*i>a.  WticDtalircthe  muule 
irouli]  (otm  a  prvdiKBi)  nniniin. 
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arcade,  and  a  postorbital  bar.    The  palatal  teeth  {fig.  986) : 
paving-stones,  and  were  probably  adapted  for   crushing  hndjj 
stances  like  the  shells  of  Molluscs.     In  the  upper  jaw  the  1 
are  arranged  in  an  outer  or  maxillary  series  of  small  ooe^i 
an  inner  or  palatine  series  of  larger  ones ;  all  being  imp 
shallow  sockets  and  replaced  by  vertical  successors.     In  the  1 
there  is  but  one  row  of  teeth.    The  number  of  palatal  teeth ' 
the  different  forms ;  and  there  are  also  modifications  in  the  1 
contour  of  these  teeth,  which  aid  in  affording  generic  and 
characters.     The  premaxillary  teeth  may  be  of  a   more  fJt\ 
prehensile  type.     Till  the  vertebrae  and  limb-bones  are  kaoR^ 
position  of  these  forms   must  remain  uncertain;  but  it 
remarked  that  all  the  known  limb-bones  from  the  Mu 
except  those  of  Dinosauria,  appear  to  be  of  a  Sauropterygian  \ 

In  the  typical  genus  Placadus  the  skull  is  comparatiw^y  1 
and  has  a  long  rostrum  produced  considerably  in  advance  ti{ 
nares.  The  palatal  teeth  (fig.  986)  have  polygonal  crowns, 
the  palatine  series  being  three  in  number  on  either  side,  and  < 
approximated ;  while  the  three  premaxillary  teeth  are  more  <k  I 
chisel-like,  and  are  separated  by  an  interval  from  thc^e  on  the  ] 
The  mandible  has  a  long  symphysis,  and  two  pairs  of  cuttii 
The  maxillary  teeth  may  be  either  four  or  five  on  either 
Cyatnodus  is  readily  distinguished  by  the  great  width  and 
of  the  cranium,  which  has  no  distinct  rostrum,  with  the  nares  ] 
at  the  muzzle  and  the  premaxilUe  fused  together.  The  palatal  I 
have  rounded  crowns,  the  crown  of  the  last  palatine  being  iq 
large  ;  there  may  be  either  two  palatine  and  three  maxillary,  orIM 
maxillary  and  three  palatine  teeth.  There  were  but  two  pain  • 
premaxillary  teeth,  which  are  not  chisel-like.  In  the  Iowa  jaw  ih 
symphysis  was  triangular  and  comparatively  short,  and  was  proUbt 
devoid  of  teeth. 

Recently  Dr  Gurich  has  proposed  the  nanie  Pleurodms  for  I 
allied  form  from  the  Muschelkalk  of  Silesia,  but  since  this  tera  i 
preoccupied  for  a  Crocodilian  genus  it  will  have  to  be  changed 

Synaptosaurian  Branch. — According  to  Dr  Baur's  sdiemei 
classification  this  branch  comprises  the  orders  Sauropterygia  U 
Chelonia  ;  although  Professor  Cope  and  Mr  Boulenger  would  iL 
include  the  Rhynchocephalia.  The  typical  Froganosauria  of  I 
Baur  may  be  merged  in  the  Sauropterygia.  Although  the  San 
pterygia  and  Chelonia  present  many  characters  in  common,  yet  it 
not  easy  to  give  a  definition  of  this  branch.  In  all,  however,  t 
quadrate  is  firmly  united  to  the  skull ;  and  all,  or  nearly  all,  c^  t 
dorsal  ribs  articulate  with  the  vertebrae  by  single  heads.  As  a  gei 
ral  rule  the  palate  is  more  or  less  completely  closed,  the  pterygo: 
generally  extending  forwards  to  join  the  vomers.     There  may 
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[one  or  two  temporal  arcades.     A  parietal  foramen  is  present 

in  the  young.     In  all  cases  ossifications  are  developed  upon 

aspect  of  the  body,  cither  in  the  form  of  abtiominal  ribs, 

|il«|||iiiii ;  but  there  are  none  in  the  sclerotic  of  the  eye. 

rib»  are  connected  mlh  the  vertebra:  by  upper  and  lower 

i ;  and  when  chevrons  are  present  they  are  mainly  or  ex- 

'  attached  to  the  hinder  borders  of  the  caudal  centra.     A 

>id  anchylo&ir^  to  the  scapula  may  be  present  in  the  pec- 

1e  ;  and  in  the  pelvis  the  pubis  and  iechium  have  expanded 

led  venlTsl  surfaces,  and  the  obturator  foramen  may  be 

ted  by  the  union  of  the  ischium  with  the  pubis  of  the  sanic 

Tbtre  is,  moreover,  a  considerable  structural   resemblance 

the  limb-bones  of  the  more  generaJiscd  forms  of  the  two 

these  bones  always  having  terminal  epiphyses;   and    the 

in  both  may  be  of  a  very  primitive  type.     The  humerus  may 

Ichber  an  eniepicondylar  (ulnar)  foramen  and  an  ectepicondybir 

])  groove,  or  only  the  latter,  or  may  be  devoid  of  both.     The 

[brrcT  haAir  uncinate  processes. 

■  are  still  very  much  in  the  dark  as  lo  the  origin  of  these  two 
altbodfb  chc  Sauiopterygia  can  be  traced  back  in  a  form 
several  Amphibian  features,  which  appears  lo  have  been 
'  allied  to  the  ptimicivc  Rhynchocephalians.  From  the  dis- 
ce  of  numerous  segments  in  the  verieliral  column  of  the 
during  development,  I'rofessor  Parker  h^»  5ugj;esied  that 
rorder  has  origin-ited  from  a  type  allied  to  the  Sauropterygia ; 
tbdr  plastron  is  almost  certainly  derived  from,  or  developed 
,  tbe  abdominal  ribs  of  a  form  allied  eittiex  to  the  Rhyncho- 
or  to  Mescrairuj. 
M  II.  Sauhoptekvuia. — In  this  extinct  order  the  body  was 
of  any  exoskclcton,  while  the  neck  was  more  or  less  clon- 
and  the  tail  short.  In  the  skull  there  is  only  the  superior 
arcade ;  the  rurial  apertures  are  lateral  and  inore  or  less 
Med  to  the  orbits  ;  the  prcmaxillx  are  very  large  ;  and  there 
;  a  weU-devdoped  parietal  foramen  in  the  adulL  llie  prefrontal 
distinct;  the  posiorbiial  may  be  separate  from  the  past- 
bootil ;  typically  there  is  a  transi-erse  bone ;  and  the  symphysis  of 
Ik  nundible  is  united  by  suture.  The  teeth,  which  are  implanted 
B  distinct  socltcts  and  confined  to  the  margins  of  the  j.iw8,'  have 
anod  thaip  crowns,  with  fluted  enamel.  Each  rib  articulates  to  a 
iogle  vertebra,  and  in  the  cervical  region  the  costal  facets,  which 
lay  be  either  single  or  double,  arc  situated  entirely  on  the  centrum, 
■d  generally  are  not  prominent  The  vertebne  are  amphicmtous  ; 
mI  the  ncunxentral  suture  may  be  either  persistent  throughout 

EjUcitiBing  thai  [be  I'Ucodoolia  ut  dUtinct  &am  this  order. 
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life,  or  completely  obliterated.  All  those  vertebrse  in  whie 
costal  articulation  is  on  the  centrum  below  the  neuro-cestnl : 
may  be  reckoned  as  cervical ;  their  number  varying  from  abt 
to  nearly  40,  The  centrum  of  the  atlas  is  well  developed,  and 
is  a  wedge-shaped  intercentrum  between  the  latter  and  the 
The  true  cervicals  are  succeeded  by  a  few  vertebrae  in  irtiic 
costal  articulation  is  partly  on  the  arch  and  partly  on  the  ca 
for  which  the  name  of  pectorals  has  been  proposed.  The  ' 
vertebrje  have  the  costal  articulation  placed  entirely  on  dw 
and  generally  forming  an  elongated  transverse  process.  The  ( 
vertebrae  are  always  furnished  with  true  ribs,  and  also  with  dk 
bones,  which  may  not  be  united  below.  The  structure  of  dM 
toral  girdle  is  very  remarkable,  and  has  given  rise  to  consid 
diversity  of  opinion.  In  all  forms  the  coracoids  meet  in  a  n 
symphysis,  which  may  be  short  (fig.  987)  or  very  long  (6^ 


Fig.  9B7.— Ventral  aspect  or  [he  pectoral  girdle  of  XalAmannu  miraii/it:  froa  the  I 
kalk  of  wilricmbcr^.     KeduceJ.      mt,  Clavicle  uid  in(erclaTicl«i;     te,  SapuU:  fl, 

cavity  t  ior,  Coracoid- 


In  the  generalised  Nothosaurus  (fig.  987)  the  scapula  has  ■ 
small  ventral  portion,  separated  by  a  wide  intert-al  from  that 
fellow,  .interiorly  to  these  ventral  plates  of  the  scapube 
is  a  slender  arch  consisting  of  a  median  and  two  latera 
tions,  corresponding  to  a  similarly  situated  bone  in 
saurus.  This  arch  is  usually  correlated  with  the  interclaricl 
clavicles ;  but  from  the  deep-seated  position  of  its  represei 
in  PUsiosauruSy  Mr  Hulke  considers  that  in  that  genus  it 
spends  to  the  omosternum  of  the  Amphibia,  and  if  this  ini 
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It  will  hare  the  same  homology  in  Notkosaurus} 

proceeds  it  appears  ih-it  the  scapulse  have  tended 

ver^'  larg«  ventral  plates,  with  a  concomitant  reduction 

:c    dbappearance  of  the  clavicular  arch.      The  inter- 

itag«   is  shown  in  PUsiosaurus  (fig.  997),  where  it  will 

that  the  ^'cntral  plates  of  the  scapuhc  are  separated  in 

lian  lin« ;  arxl  the  culmination  in  Cimoliosaunii,  whc-rc  ihcy 

X  n>cdian  sj-mphysis,  and  join  the  anterior  extrvmilies  of 

coidSf    while    the 

le      ha»      di!>ap- 

lilr  Hulke  regards 

filaie    of    the 

«s  Tepret.eniiiig  the 

of  the  Cbdo- 

t    further    evidence 

ircd  to  prove  this  ; 

that  il  rqinrscnts 

bcio^  obvioml)' 

In    the   pel  vis 

lu  usually  form!)  a 

te,  while  the  isch- 

MDicwhat  chopper- 

;  in  some  cases  the 

tod  ischium  of  each 

jnite  to  enclose  an 

(or    foramen.      Thc 

[ore    strikingly   like 

D(  the  Amphibia,  and 

long    symphysis, 

itu  are  subject  to 

rrable  variation : 

if  the  earlier  Reneralised  forms  being  adapted  for  progrcs- 

land,  while   in   the   specialised    typen   they   are    modified 

iddles.     In  all  cases,  however,  the  limhs  are  readily  dislin- 

I  liom  those  of  the  Ichihyoptcrygia  hy  the  iclalivdy  longer 

IS  and  femur,  and  the  absence  of  inicrdiyital  bones.     'Ilie 

o  arc  regarded  by  Professor  Seelcy  as  showing  signs  of 

lan  affinity.     A  peculiar  feature  in  the  liinb-l>one!i  is  that 

ihyses  (Rg.  9S9)  of  the  bumcru!.  and  femur  arc  enomiDu.sly 

and  form  btf;e  cones  at  either  extremity  of  the  bones, 

or  completely,  nieelin^  in  the  middle  of  the  shaft,  which 

to  3  i>air  of  elongated  cups.     The  bones  of  the  palate 

Brllbh  Mmnin  Catalogue  of  Fo»i]  Repiitia  Mr  HuIIec'n  iniciprtta- 
hmnolovr  <>f  ^cx  bonca  wu  _provi)iion«Ily  iiOopted,  bui  ilic  writer 
I  that  ibc  MhcT  inlerpr<Ulioa  U  p(obkt>t]>  lli«  Irue  one. 


rriiri.ii    i>(«L[    ot  ihi   |i»'.1onil    ^irjlt   rA 
•  Iv'  )  ''■-'  ^•••^'riui  ;  fmm  'lit  KtlneriJijo 
lai.     Kniuunl.    «,  Stavulit .  #t,   Vtniril  (prrcuni- 
ikI^IJ  fixin  <3r<!o.  '  £i,  C^lcnoiii  <^k^iiy;  /^  SinpulAr 
fMontca;  (V,  C9iS(«)d.    lATtct  Kulkb) 
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never  develop  plates  to  form  a  floor  to  the  nasal  passage 
the  posterior  nares  also  open  directly  into  the  mouth  by  ban 
apertures  (fig.  991). 

This  order  ranges  in  time  probably  from  the  Pennian  ind 
tainly  from  the  Trias  to  the  Upper  Chalk,  and  we  are 
trace  the  gradual  evolution  of  the  specialised  marine  fonu 
those  less  widely  separated  from  a  normal  t]rpe.     All  these  n 
appear  to  have  been  carnivorous. 

Family   Mesosaorid* — The  genus  Mesosaurus,  origim^ 
scribed  from  the  Karoo  system  of  Griqualand  in  South  A 
which  is  probably  of  lower  Mesozoic  age,  but  subsequently  t 
in  beds  of  uncertain  age  in  Brazil,  and  described  under  the  oa 
of  Stertosternum,  includes  small  reptiles  regarded  by  Dr  BuH 


t 


"i/^^ 


FijZ-  989- — LongLludinnI  Hctton 
of  a  Sauroplerygian  humerus ; 
from  ihe  K-imendge  Cl»y ;  one- 
sixih  natural  liie,  a.  PnjxiiDal, 
b.  Distal  epiphysi-. ;  c,  Shah- 


fig.  950.— Ventisl  upcct  of  tlw 
left  pftCEora]  limb  of  Mta^tmmrmi 
ttHHjdens:  from  thr  Katod KVllcPi 
of  GritiuaUnd-  eni-/t  EotepKoA- 
d^lar  foramen  of  humcruii  r,  Ra- 
dtun ;  V,  Ulna. 


constituting  a  distinct  order  —  the  Prc^anosauria,  —  but  «h 
appear  to  be  so  closely  related  to  the  Nothosaurida,  that  there  1 
be  little,  if  any,  hesitation  in  including  them  in  the  same  on 
The  Brazilian  form  was  originally  referred  with  some  hesitation 
Professor  Cope  to  the  Amphibia.  One  of  the  most  peculiar  i 
ures  of  this  genus,  in  which  it  differs  from  all  other  groups  ax. 
the  Amphibia,  the  extinct  Palaohatieria^  and  perhaps  the  Chelc 
is  the  separation  of  the  fourth  and  fifth  tarsalia,  so  that  each  m 
tarsal  articulates  with  a  distinct  tarsale.    The  centra  of  the  verte 


See  Rhjmchocephalift,  infra^ 
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.  miAll  notochordal  cannl,  :ind  ue  small  in  comparison  lo  the 

,  arches  j  while  the  ribs  seem  to  have  been  anchyloscd  la  the 

and  were  of  great  thickness,  like  those  of  the  next  familj-. 

ffjfstcm  of  abdominal  ribii  was  strongly  developed.     The  skull 

elongated,  and  has  slender  recurved  teeth,  which  were  in 

jiltly  implanted  in  distinct  atvcoti.      The  pectoral  girdle 

lo  be  very  similar  to  that  or  the   Niytltasaurjiiz,  the   pre- 

iDtciclavicle   not  being  T-shaped  ;  and  a  similar  cloae  re- 

is  presented  by  the  pectoral  limb  (%.  990),  in  which 

Flnuncnis  has  an  cntcpicondylar,  or  ulnar,  foramen,  like  that  of 

The   pelvis   is   considered    to   have   liad   only  a  very 

obturator  foramen ;   the  ischia  and  pubes  forming  broad 

plates  like  those  of  Amphibia  and  other  Sauroptcrygia, 

tenninal  digits  vere  devoid  of  claws  ;  and  the  feet  were  prob- 

fwdibed  like  those  of  frogs. 

Baur  make)  this  genus  the  tf^  of  the  order  Froganouiuria, 

he  would  also  include  the  undermentioned  genus  Palao- 

;  and  regards  this  order  as  the  connecting-link  between  .A.m. 

and  Reptiles^     Although  there  is  something  to  be  siitd  in 

of  this  view,  yet  the  manifest  affinity  of  Affsosnnn/t  to  tfic 

typical  Sauroptcn-gia,  and  of  PalxuhaiHria  to  the  Rhyncho- 


.,:*vr==^«=^^^!!^^'^ 


^' 


I)*-— PatitaJ  ■^MCt  of  ibe  tnniNm  ti  SfSkemmrma  mlrmtiUt ;  from  the  MuHhclkalk. 
Itt  MlanI  tki.  /■&«,  ProDum*:  inar.  Pmenni  nun:  tv.  Vomer :  >■■>,  Manilla ; 
Wiaj  (*,  FurnoU;  «,  Ala  tt  ia.:  t.  Owuliuic  riditc  uf  lame  ,  im,  IJuoJiait ;  it, 
I  MHjn.     Tta«  powttiw  uircnlly  cX  f»I  U  piabobly  fiamtA  by  k  dtitini:!  Inninnc 


seem  to  render  it  more  advisable  to  refer  those  genera 
tt  die  two  orders  in  question,  of  which  they  will  tcspccttvely  form 
tbe  most  generalised  stage.  By  this  arrangement  the  intimate  con- 
Mction  of  both  orders  with  the  Amphibia  will  be  made  manifest. 

Family  NorHOSAURiD>E. — In  this  family,  which  comprises  some 
foma  of  large  size,  the  limbs  were  fumiihed  with  claws,  and  adapted 
to  a  certain  extent  for  walking.     In  the  &lcu[I  tlie  plerygoidi  either 
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diverged  posteriorly,  or  gave  off  wings  uniting  in  the 
upon  the  basi-  and  presphenoid,  and  thus  completely 
posterior  portion  of  the  palate  (fig.  991) — an  approximatioB  1 
latter  arrangement  occurring  in  some  Chelonia.  The  palili| 
also  devoid  of  infraorbital  vacuities.  The  coiacoids  (fig.  987) 
a  short  median  symphysis,  not  extending  as  far  forwardi 
scapular  articulation,  and  also  had  a  groove ;  while  the 
plates  of  the  scapulae  were  very  small.  Typically,  the 
vertebrae  have  double  costal  facets,  while  the  transverse ; 
of  the  dorsals  are  very  short,  and  remarkable  for  the  vertical  1 
tion  of  their  articular  faces.  The  humerus  and  femur  are  1 
— the  former  (fig.  993)  having  an  entepicondylar  foramen, 
distinct  distal  expansion.  The  ischium  and  pubis  did  not  1 
enclose  an  obturator  foramen. 

The  known  forms  occur  typically  in  the  Muschdkalk,  or 
Trias,    of  the  Continent,  but  some  of  them  range  op  into 
overlying   Keuper,   and   one  species   is  found   in    the    Buiiter,< 
Lower  Trias.     In  the  typical  genus  Notkosaunts  the  sktiU 
991,  992)  is  long  and  much  depressed,  the  length  of  the 
orbital  exceeding  that  of  the  preorbital  portion.     The 


Fig.  '/ji. — Ki^lit  ]:iicr3i  a>pn:i  uf  ihe  ukull  oT  Xolkesamia 
mirnh'/h,     ReLlui:iHl-     (After  .Ue^'cr.) 


rig-  «}.  — VeMnl  •■ 
peel  o(  ihc  rishi  bnant 
of  Cnt-'kiHrnmna.  Ok- 
half  latuial  (iac.  £■!/'■ 
Enlcpicandytu'  lisnaa  '• 
a,  EcUtpicoadylar  p««- 


of  the  palate  are  shown  in  fig.  991.  Cenekimaurus  is  a  closely 
allied  but  smaller  form,  in  which  the  teeth  are  club-shaped.  In 
Sinmsaurus  the  skull  is  characterised  by  the  breadth  of  the  facial 
portion  and  its  stout  teeth.  The  type  sijecies  is  nearly  equal  in 
dimensions  to  the  larger  species  of  Noihosaurvs.     Finally,  Pisto- 
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duOfiguished  hy  the  posterior  divergence  of  the  ptciygoids, 

improbably  by  ihe  luescnct;  of  long  tran.wcrsc  processes  to 

vcrtehne;  both  of  these  features  heing  Plesiosaumn. 

ital  ponion  of  the  skull  is  very  narrow.     Although  the 

of  this  family  have  lost  all  Iracen  of  a  notochordal  cannl 

centra  of  the  rcttcbrx,  yet  the  ossification  of  ihtse  centra 

en  place  in  the  same  manner  by  means  of  a  sheath  investing 

hord. 
ii-T  IjuuotAumD*. — ^TTiU  family  is  closely  allied  to  the 
ig.  but  the  limbs  approximate  to  those  of  the  Pktiosaurida. 
dnill,  a%  least  in  one  genus,  has  infraorbital  vacuities  on  the 
v  and  the  cowcoid  has  no  notch  at  its  gWnoidal  extremity, 
femur  alway*  remains  an  elongated  bone,  longer  than  the 
>s  and  metapodials  collectively;  but  the  humerus  maybe 
ly  short,  and  is  more  or  less  expanded  at  its  distal 
;y ;  while  in  Lariogaurus,  although  not  in  the  other  forms, 
tost  its  fofotncn.  The  terminal  pbalangcah  of  the  pes  still 
their  clflws.  In  NeuslUomurui  it  is  thought  that  cen*ical 
■mcK  waniii^.  The  type  genus  Larinsaurus  comprists  one 
species  from  the  Trias  of  Lombardy,  and  according  to 
Bht,  has  both  limbs  adapted  for  walking.  The  pabtc  is  un- 
In  yhulitnsimrus,  from  the  Lettenkohlc  at  the  base  of  the 
of  Wiirtcmbcrg,  Professor  Scelcy  considers  that  the  [xrctoral 
bob  had  become  modified  into  a  paddle,  although  this  conclusion 
is  tKA  aa:eptcd  hy  Dr  Baur.  It  appears  probable  that  a  small 
Itptilc  described  from  the  Trias  of  Italy  under  the  preoccupied 
■■K<]f  pA(hypkMra,  is  not  more  than  spcciliailiy  sepMrable  from 
^HB^aaaxirus.  The  type  species  of  the  latter  was  about  one  foot 
ia  ki^h.  and  vsa  probably  of  amphibious  habiU. 

It  ony  be  convenient  lo  notice  here  two  ttmall  Trlassic  reptiles 
rtich  are  referred  by  Dr  Baur  to  this  family,  although  Dr  Dccckc 
ramdcrs  that  at  least  the  second  has  more  affinity  with  the  Lizards. 
TkeM  genera  arc  Daetylosanrus,  from  the  Muschelka.lk  of  Silesia, 
lad  Matrvmerataurus,  from  the  lulian  Trias;  the  former  being 
Jteon  eettainl/  referable  to  this  order,  and  perhaps  not  separable 
ficni  Xfustuosaarus.  In  this  connection  it  should  be  observed  that 
Dr  Bassani  consider  Afa/r^nurotaums  to  be  identical  with  the  type 
|Kdo  of  iMriotaurus,  and  that  NtHsticosimms  is  not  generir^illy 
qwible  from  the  latter.  PaekypUura  is,  however,  regarded  as 
Ertbict  from  Neuslieosaunis,  in  which  case  it  will  reciuire  a  new 
tme,  as  the  present  one  is  preoccupied. 

Finally,  it  should  olso  be  mentioned  that  some  authorities  would 
gaid  the  two  preceding  families  as  constituting  a  distinct  sub- 
der — the  Nolhosauria — but  the  transition  to  the  next  family  is 
sost  oomplece. 
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Family  Plesiosaurid*. — With  this  group  we  come  to  the 
iideration  of  the  typical  members  of  the  order,  all  of  vhidi 
idapted  for  a  purely  aquatic  life,  and  probably  frequented  c 
and  estuaries.      In  the  skull  the  pterygoidi 
verge  posteriorly,  and  do  not  overlie  the 
sphenoid ;  while  there  were  small   infhud 
vacuities   in  the  palate.      The  dorsal 
have  long  transverse  processes.     In  the  pectt 
girdle  the  scapulae   have  large  ventral  pM 
which  may  meet  in  the  middle  line ;  and 
symphysis  of  the  coracoids  is  much  el 
and  extends  in  advance  of  the  scapular 
tion.     In  the  limbs  (fig.  994)  the  humenn 
femur  were  comparatively  short  and  dista%  d 
panded ;  the  former  being  devoid  of  a  fona^ 
The  bones  of  the  second  segment  are  likari^ 
very  short,  and  strangely  altered  from  the  nom 
form.     In  certain  cases,  moreover,  a  third  bM 
(fig.    998)   articulates  with    the    humerus  a 
femur,  of  which  the  homology  will  be  discoM 
under  the  head  of  the  Ichtbyopterygia.     Tb 
metacarpals  and  phalangeals  are,  however,  SJ 
elongated,  but  the  number  of  the  latter  is  ii 
creased  beyond  the  normal  complement      Further,  the  tennim 
claws  have  disappeared ;  and  the  whole  limbs  were  doubtless  ta 
veloped  in  a  common  integument,  to  form  paddles  after  the  fashio 
of  the  turtles.     The  coracoid  (fig.  988)  is  remarkable  for  itspei 


Fig.  i»04. — DormI  u- 
peci  of  tbt  left  pccioral 
limb  of  Pltthtannu 
Havikiiu! ;  from  ihe 
Lower  Luu  or  Dortci- 
(birc.  Rcduced.B,  Hu- 
merus ;  bj  Radiui ;  f » 
Ulna. 


I^iS- 995- — SVtXtXoa  of  PUiitiamriH  dvlicludinH :  from  the  Lower  Liai.     CnUlyndKi'- 
(After  Conybeare.) 


antero-posterior  length,  and  has  no  fontanella  This  family  includ 
some  forms  of  huge  dimensions ;  its  range  extending  from,  t) 
Rhxtic,  or  Uppermost  Trias,  to  the  Chalk. 

The  Pkiiosaurida,  like  the  Crocodiles  of  the  present  day,  dif 
greatly  among  themselves  in  the  relative  length  of  the  mandibu 
symphysis,  as  is  shown  in  the  accompanying  woodcut  In  1 
present  family  it  appears,  however,  that  the  result  of  evolution  a 
specialisation  has  been  towards  the  gradual  lengthening  of  this  sj 


ORDER  SAUROPTERVGIA. 


1075 


wbcfeos  imong  the  Crocodilia  the  tendcnc)*  has  l>ccn  prc- 

I  the  ^>pOMte  direction. 

fiiniiljr  hu  been  divided  inio  a  lai^e  number  of  genera,  but 
Evera)  of  lh<:f«  sre  not  really  distinct  it  mil  suffice  to  adopt  a 

number  of  such  divi»ion».  The  genuti  Pirsieiatms,  as  now 
cd,  JB  occlusiTely  confined  to  the  Upjier  Trias  (Rhaalic)  and 
Owing  to  the  beautiful  prescrvatioD  of  many  of  the  species 


ik 


I  '"I 


V 


*,Ai 


r. 


L— TW  NBUi4iUa  in  i(df«*cit  (>nira  nl  PUtiaMmridr.  Rtdveiij.  >..  PiltniHtUi 
~  iM  ikt  Ctafotd  Clari  «iW'<i<tiEh  naiunl  tat :  ■>  T^<im»li>airta  imiifta,  (mm 
•  jMfcBJc  of  India.  oncMvvnih  cuiunl  lin ;  (,  PInUiutnu  iteJitAKtirti,  lunvlirifat 


3US  has  been  long  known  lo  science;  and  its  remains  were 
ibly  dcwn'bcd  in  the  first  third  of  the  present  century  by  the 
[r  Conybtare  and  Ilean  Huckhnd,  who  with  remarlcabte  fore- 
nnied  at  the  affinity  of  these  strange  and  weird  forms  of  Kep* 
the  Chelonia.  In  this  genus  the  skuil  is  either  small 
mandibular  symphysis  (as  in  fig.  g<)6,  c),  or  moderately 
longer  syniph)-siK  and  rostrum.  The  teeth  are  generally 
r,  without  carins,  and  the  terminal  ones  are  not  much  larger 
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than  the  others  in  ihe  more  typical  species.     The  nedt  is' 
Xcss  elongated,  with  the  iintcrior  vertebra:  in  mtMt  cases  vec 

The  cen'ical  ribs  i 
ral  aichcs  arc  (umlj 
lateil   to   llic   centn 
Ycttcbrfc,  but  tracd 
sutuic  usual)}'  per&ii^ 
ccmcal  region  the  13 
the   articulation  of  Ui 
nre  u>ually  double,  M 
Icrminal  liices   of  ihtr 
generally     ellipsoidal, 
more  or  less  cupped, 
meet  characteristic  U 
uf  the   genus  are,  ho 
tu  be  found  in  the  pi 
ijirdlc   (lis-    99  7).    in 
the    scapulx    are    nl 
small,  and  widely  sep 
...      ,,..j.        ,       ,-   ,       -,.      ,    in    the   middle    lir 

lOoneuhirc      Kcducrd.    ivMni<rvU>i(Ir;  (T,  Su>;r^      thcy     FCSt       Upon 

oChMVRu*.  (AftnH«ik«.)  Clavicle,  With  lu 

deep  notch.  The 
arc,  moreover,  long  and  rather  narrow,  with  a  median  prod 
in  advance  of  the  glenoid  cavity ;  while  the  foraitKn  bt 
Ihe  coracoid  and  scapula  is  very  lar;ge  and  open  towan] 
iDteKtavide. 


fit-  «g"  — Veninl  »Hp<v.T  o(  Ihi  retto"*'  l'/i,l'«  i*! 
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This  genus  may  be  divided  into  three  groups.  The  Laagir 
(tronp.  represented  by  P.  rastialHs  of  the  Lower  and  /*.  iimpni 
the  t.'pper  I.i»»,  is  cliariicieriscd  by  the  comparatively  cIongBted 
dibuhr  ^yinphyiiis  and  ilie  extremely  slion  neural  spines  and 
costal  facets  of  the  majoriiy  of  (he  cervical  vcricbra:.  in  the 
grotip  we  have  /'.  do/icAotlirus  with  its  extremely  long  neck  (fie.  90 
ihortcr- necked  A  ffmc/kinti,  and  ihc  large  P.  Cimy^iri.  all  ocin 
the  Lower  Lias.  These  forms  have  a  mnderaicly  snon  inandibula 
phy»»  (fig.  996,  r),  while  the  cenita  of  the  ceniral  vcncbrje  are 
Crc.itly  eloiiKaicd,  nnd  there  are  double  costal  facets  and  moderai> 
neural  spines  in  this  part  of  the  vcriebtal  coliimn.  The  third  g 
rcprcwnted  only  by  /'.  homuiospintlylus,  of  ihc  Upper  Lias.  "1 
characterised  by  the  great  elongation  of  the  tcnira  nf  the  cer%ic 
tebne,  which  have  flat  terminal  face^,  and  cnonnoutly  tall  nctiniM 
The  resemblfince  of  these  vertebne  to  those  iif  the  cerxicah  of  the 
groupof  the  JiirauLC  and  Cretaceous  gcnm  Cimo/iouiMtuj  sugge 
origin  of  the  latter  group  from  the  present ;  whereas  on  similar  g 
it  may  be  suggested  thai  the  Ca-fm/H'mfr/iiu  group  of  Cim.>//o!Jii/ 
originated  from  the  tvpical  group  of  /'(ru'osjurus.  In  all  species 
present  genus  the  radius  and  ulna  (fig.  994}  still  retain  evidence  c 
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rier  as  long  bones,  and  are  scparatfd  by  a  well- ran rke<l 

exclusively  Liassic  and  perhaps  RhKtic  genus  is  Ertt- 
wbicfa  had  a  long  neck  and  probablj'  a  small  head  lilce 

nwtu,  bu(  with  a  vtrv  different  n-pe  of  peciorfil  girdlt.     Thus 

icoids  had  no  median  production  in  advance  of  the  glenoid 

vhSe  ih«  scaputx  were  brf^  and  articulattd  togcihcr  in  ihc 

fine,  and  posterwrty  were  united  by  their  whole  length  wilh 

muU,  leaving  only  very  minute  coracotdal  fornmina.      If  an 

ride  were  present  it  had 

fased  irith  th«  scapula.-. 

fce   ipedcs   is   from    the 

Lias,  liut  thiie  is  anothci 

ippcT  Lias.     The  largest 

rf  the  family  is.  however, 

Mw^KJ,  in  which  we  may 

ently  include  those  fonns 

td  under   the   naiue»  of 

smj,  ElatoMsaarus,  Man- 

I  Ptfytotylm.  Muricm'sau- 

d    ColymhoiaHrui.     This 

was  originally  described 

fce   diidcncc    of  a   very 

«cies  (rom  the  CrcUceous 

I  Jersey,  with  which  Dis- 

v,  and  probably  Elastn»- 
are  flpeciAcatly  identical. 

lew    Zealand    CTeiaoeouit 

i  deMTibed  as  Mamsaums 

fly  allied ;  and  it  has  yet 

ro>'cd  that  the  lyfic  species 
■pecifirally  distinct  from 

C.  censlricftts.     Many  of  the  other  species  differ  con- 

Ij  (roQi  these  typic.il  fotnw,  but  if  generic  divisions  are  once 

:  5ccm5  impossible  to  know  when  to  stop. 

genus  in  the  abo\'e  extendtxt  series  may  be  characterised  as 
I1ic  tcvlh  and  akull  arc  relatively  small,  the  niatidibular 
i*  K  short,  and  the  neck  usually  very  long,  with  the  anierior 
Iv  >malL  The  vertebrae  arc  more  or  leas  elongated, 
'  >i'  ihc  neural  arches  and  ihc  cervical  rilts  completely 
to  the  centra  in  the  adult ;  the  costal  articulations  always 
iin(;kr  facets  in  the  cervical  region-  In  the  pectoral  girdle 
)  the  scapulte  ha%-e  very  larjte  and  wide  ventral  platL-s,  meeting 
iddle  tine,  without  any  trace  of  an  tntcrclavicle,  and  usually 
do«rn  a  median  procc&s  to  join  the  ooracoids,  and  thus  com- 


KlH-  M^^  ~  VcDtnl  aviHtc  of  (be  rljht 
if^sA  Cimtiitimnrui  IntAaiiftriiLt ;  Iriini  Ui« 
(Afler  llulkc.) 


pletely  closing  the  acapulo-concoidal  foramen.'     The 
998)  is  usually  longer  than  the  femur ;  and  both  these  el 
arlicubte  distally  with  cither  two  or  three  (figs.  998,  9- 
Wnoi,  which  in  the  latct  instKiiccs  Icnc  all  resemblance  to 
mal  elongated  form.     The  i&chia  arc  relativel)'  short. 

Thit  eenut  may  be  divided  into  two  ^'roups,  accordinit  ta  »h< 
venebnl  centra  have  nearly  flat  or  deeply  cupped  cenira.  In  tU 
group  we  have  the  inrgt  C.  trtiMentUf  ni  the  Kimerid^e,  and  tbs 
C.  fin'Mfui  {fifi.  iooo^/j)nnd  C.  fiuhardii)Mi{fig.  iooo)of  the  OxS^ 
in  both  of  which  the  humerus  aniculaic*  only  with  the  radios  a^ 
the  latter  ^prri^'t  being  di«tinpui«hed  hy  it»  shorter  cervical 


Fi([.TO-— VciHtnl  ii>mi  ui  (.1111  uf  iht  jitni  jitUii;  limli 
of  Ctmfiliatmmrtii  ptirfisneinMi ;  from  thv  Finland  Oolite. 
Kaducsd.  T.  Pnuist ;  f.  VvtmtM  banl«r;  i^Tfliiai 
it,  ribulB:  ^'.  >li>inuli>K.ii*'ir  ihtpnifonn:  /jlTtbiiiie: 
tit  Jntflrmcdiuin ;  t  j,  Filiulbv  i  /  I'OftiajiifeL  tkrv«t. 
(After  Kiilkc> 


pen  «l  Hit  (_ 
Vtaon^  liMb  of 
MMnu  KtakariSt 
itK  Ontcri  CU; 
vichlh    naiuni    i 

tjlAix:  r,  KadiMil 

r.  UwiLii.:    i. 

diuin;  It,  Ulttitf<i 
UkA*ai-M«yilill.| 


In  C.  p^rl/ofuiuHt,  o(  the  Fortknd  Oolite  ana  Purfacck,  the 
three  tliorl  bones  articulating  with  the  humerus  and  femur  (6^.  f 
»  in  the  Crctnccous,  however,  that  «c  meet  with  the  largest  rep 
tivu  of  this  K'^'^^P'  vrhich  comprise  C.  iimstrittuj,  of  the  Europei 
and  Chalk ;  C.  vetusiiit  and  C,  pltUyurus,  of  the  Crclaccoiu  0 
America ;  and  C.  ffiuuUt  in  the  corresponding  strata  of  New  1 
These  were  caormous  reptiles,  with  an  estimated  lengib  of  beq 

'  Ocewionalty,  a»  in  C.  iturvMpeaa't,  of  the  Oxfoid  CUf,  ihb  bi 
ftUent,  l>ni  it  is  not  known  wh«th«r  [hit  it  on'y  an  indivklual  pecMliariif 
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leet.  aod  havinf[  ni^arly  40  nn'icil  verlebrx.    In  the  sMond 

wfaicD  apparently  corresponds  to  the  genus  Polyc&tylus  of  Pro- 

"  Spc,  *«  e  have,  in  lh«  Oxford  CUy,  C.  oxoHirmis  and  C  euryments^ 

Ui«  ituntenif  ^iniculatcs  with  only  lh«  radius  and  ulna,  and  in 


Igt  the  larger  C.  troekanttrius,  in  which  the  pisiform  also  joins 
I  (fin-  W8)«  Ttc  rcry  imatl  C  valdiHiis,  uf  the  Wcaldcn,  niav 
rireibwaicr  habita  [  wliilc  in  the  Chalk  wc  find  the  latter  C. 
This  group  apfwan  to  Ua^-e  been  aho  represented  in  the 
of  North  Anicrii:a  and  New  'IksXsmA.  A  specie»  from  the 
of  K^n^A^,  described  under  the  name 
fpKy  has  three  bonca  anicubtinK 
aems. 

imperfectly  known  gcnut  Pohptythodom 
■),  or  the  Middle  and  Upper  Cre^ 
of  Europe-,  appeaiK  to  be  allied  (o 
\rits,  but  with  a  relatively  liujjtr 
nd  teeth,  and  probably  with  a  much 
Deck.  The  teeth,  which  are  very 
in  the  Camtiridge  (ircrnsand,  luve 
crowns,  with  strongly  -  marked 
(Ch  a  considerable  numlicr  gene- 
llhort  of  the  humniit.  These  Kcp- 
Biut  liav-e  attained  huge  diincnuonti. 
ncra  wc  have  now  to  consider  indicate 
ent  branch  from  that  to  which  the  two 
ling  gcnvra  belong.  The  lirst  of  these 
\MmaiasaMrui  (in  which  JihitmalenSiturus 
e  iocluded),  typically  occnrring  in  the 
Oolite  of  Wuncrabcrg,  but  extending 
iard»  to  the  Lower  Lias  and  upwards 
Kitncridgc  Clay  of  England.  In  these 
tbc  skull  and  teeth  were  relatively  large,  the  latter  being 
carirutcd.  and  the  mandibular  symphysis  (Rg.  996,  ti)  com- 
ly  short,  with  the  finX.  five  ur  six  teeth  enlarged.  The  neck 
■1,  IL  M 


wtl  vtpmi  -jfib^  left  ^^IvK 
^rcJkmai     {torn    the    Oxford 

CUy.  OdE'iiith  iiniiinil 
■inc.  />.  L>i<ml  h>1f  i>r 
feimsr ;  r.Titiia./  Fihufi; 
r,TiInnlE:  i,  Intrrmeiliiim : 
/".  fibuUrc.  The  libia  It 
drtiRi  raihar  ion  unialJ  in 
pniiarlion  I9  th«  Abulo. 
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was  short,  and  the  cervical  vertebrse  have  comparatively  short 
distinctly  cupped  subcylindrical  centra,  carrying  dooUe  ( 
facets ;  while  the  arches  and  cervical  ribs  were  firmly  arttcuhl 
the  centra.  In  the  pectoral  girdle  the  scapulae  and  coraaadi 
of  the  general  type  of  those  of  PUsiosaurus ;  but  the  cl» 


«1K 


Fig.  looi. — Anterior  part  of  the  pectoral  Rirdle  q{  PtlmtfUtii  /Ailardkiu:  fron  dt 
Clay.  RedDced.  «»>,  iDlcrclavicle ;  le.  Scapula ;  /.ur,  Vcnlnl  plate  of  do.  Thi 
aspect  a  ibatm. 


arch  was  greatly  elongated  transversely,  and  was  probably 
lapped  by  the  scapulae.  The  humerus  was  longer  or  shortei 
the  femur,  and  articulated  only  with  the  radius  and  ulna, 
were  considerably  elongated,  and  separated  by  a  distinct  ini 
This  genus  is  represented  in  the  Lower  Lias  by  T.  megacef 
and  T.  arcuatus,  and  in  the  Upper  Lias  by  the  gigantic  7!  C 
toni,  which  attained  a  length  of  some  twent) 
The  type  species,  only  known  by  detached 
and  vertebrae,  occurs  in  the  Great  Oolite  o 
Continent ;  while  T.  indicus  (fig,  996,  b)  is  I 
in  the  Upper  Jurassic  of  India. 

In  the  genus  Peloneustes,  of  the  Oxford 
Kimeridge  Clays,  the  coracoids  (fig.  1601)  di 
appear  to  have  been  produced  anteriorly  u 
middle  line ;  while  the  scapulae  have  their  v« 
surface  broad  and  flat,  and  the  dorsal  surfat 
duced  (fig.  1002).  The  same  figure  also  shon 
extremely  small  size  of  the  interclavicle.  The  : 
were  very  long.  The  mandibular  symphyaf 
996,  c)  is  greatly  elongated  ;  but  the  vertebrae 
with  those  of  Tkaumatosaurvs  in  the  firm  a 
ment  of  the  arches  and  cervical  ribs  to  the  o 
although  the  centra  themselves  have  the  terminal  faces  fi 
and  with  a  transversely  elliptical  and  somewhat  angulated  coi 
The  radius  and  ulna  are  nearly  as  broad  as  long,  and  have 
a  very  small  interval  between  them.  The  most  specialised  ] 
of  this  branch  is  PHosaurus  {Ischyrodcn,  Spondyhsaurui    or 


Fig.  1003. — Crown 
of  a  looih  of  /'//tf- 
taurus  hroihytiirus  ; 
from  the  Kimeridge 
Clay  of  Elv.  One. 
hat)  natural  stie. 
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t\  wluch  thus  occupies  a  Mtnen-hai  Mtnilar  po&ition  to  the 
'd  by  Fofyptftkfi^n  in  the  preceding  branch.     This  genus 
-cnttfd  Itjr  scvctsl  species  of  gigantic  Reptiles  ranging  from 
'  -rd  lo  the  Kimrndgc  Oayi  but   of  which  derived  remains 
>   found  in  the    Lower  (Ireeiisand   of  I'ollon,   in   licdford- 
Thc   akull  and  tcclh  (fig.  1003)  are  relatively  very  large ; 
fbntwT  having  a  somewhat  shorter  mandibular  symphysis  than 
\^tiotiemsta.     The  teeth  are  caiinatcd,  and  in  the  Kiineridgian 
ibe   space   between   the   two   carina   is   nearly   flat,   and 


^ 


'J 


■^ 


>W 


*<>':. 


•M^ — DUsnmef  ibftaniralwpKtoTlW  p*lTic  ipnll*  ofa  jouns  nioaur.  Th*  oppw 
M  4fv  tha  prtio.  uid  ih*  lonw  the  iichia.  Tti  ib*  iidiill  Ihr  tichia  bcoomt  moic  tlanioiRl, 
\mm  faMtf  \kMmh  ilioaU  \un%  Imm  plnoHJ  tnon  oody  |>i.>*lkl-    (Afiu  Phill>|H-} 


of  ridees.     The  neck   is  very  short,  and  all  the  cervical 

(fig.    1005)  are  relatively  large,  with  nearly  flat  terminal 

to  the  Teiy  short  centra,  which  in  the  anterior  region  have 

distiixt  and  often  very  prominent  costal   facets.     A  peculiar 

Jorc  of  all  the  vertebra  is,  that  the  arches  were  only  articu- 

bud   to   the  centra   by  cartilage,  so   (hat   they  aru   aln'a\'s    found 

detached.     'Ilic  pectoral  girdle  was  of  the  general  type  of  that 

of  Pti»tuusUt,  but  it  is  not   improbahie  that  the  inieTLla\'ic!e  was 

abtcnt.      'llic   humerus   was    ahottcr    than    the    femur,   and    tlie 

and   ulna  in   the    Kimeridgian   forms  have   become  much 
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shorter  than  in  that  genus,  and  have  scarcely  any  intent 
space,  but  in  one  of  the  species  from  the  Oxfoni  Oay 
have  the  same  form  as  in  the  latter.  The  general  airangeme 
the  ventral  bones  of  the  pelvis  is  shown  in  the  woodcut  1 
huge  P.  maeromerus,  of  the  Kimeridge  Clay,  the  length  o 
lower  jaw  was  nearly  six  feet,  and  that  of  the  femur  one  yai 
which  some  estimate  can  be  formed  of  the  gigantic  dimei 
attained  by  the  entire  animal  Pliosaurs  were  widely  distri 
over  Europe,  and  have  been  described  from  England,  Ge 
(as  Ischyrodon),  France  (as  Liopleurodon),  and  Russia  (as  ^ 
saurus).     No  remains  of  this  genus  have,  however,  been  hi 


Fig.  1005.-^ Anterior  (i)  Mid  latenl  (i)  Mp^u  of  an  anterior  ccrviol  vnubra  of  PSm 
vacromena ;  from  the  Kimeridge  Clay.     One-fifth  nalml  liie.     (Alter  FUG|» 


recorded  from  America.  The  less  specialised  characters  0 
Oxfordian  forms,  as  shown  by  the  structure  of  the  teeth,  an 
longer  radius  and  ulna,  indicate  affinity  with  Peloneustes. 

Finally,  it  may  be  mentioned  that  in  addition  to  the  i 
already  recorded  the  terms  Piptomerus,  Orophosaurus,  and 
naules  have  been  applied  by  Professor  Cope  to  Sauropterj'gia 
mains  from  the  Cretaceous  of  North  America ;  while  a  tooth 
the  Kimeridgian  of  France,  described  under  the  name  of  Ha 
saurus,  has  likewise  been  shown  to  belong  to  this  order,  alth 
originally  regarded  as  Crocodilian: 

Order  III.  Cheloma. — With  the  Tortoises,  Turtles,  and 
allies,  we  enter  upon  the  consideration  of  the  first  of  the  ex 
orders  of  Reptiles.  In  this  order  the  cervical  and  dorsal  ver 
are  not  numerous ;  the  body  is  short  and  wide,  and  has  a  m( 
less  complete  bony  shell,  of  which  the  ventral  part,  or  plastron. 
sists  of  few  elements  of  dermal  origin,  while  the  dorsal,  or  cars 
may  be  in  great  part  of  endoskeletal  origin.  There  is  gener 
horny  epidermal  exoskeleton.  The  skull  may  occasionally  hav 
temporal  arcades,  but  more  generally  only  the  lower  one  is  pi 
(fig.  1007),  and  in  some  cases  even  that  may  be  absent.  The 
(fig.  1024)  are  single  and  terminal ;  the  premaxillae  very  small 
there  is  no  parietal  foramen  in  the  adult ;  but  there  is  a  di 
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bone  (f^.  1034).     The  deninry  hones  of  the  mandible 

iy  fused  logelher  ;  the  postorbilal  is  welded  with  ihc  posl- 

,  wd  nsuall]'  the  jirefronlal  with  the  nasal ;  while  the  supmoc- 

I  h  pcolongcd  backwards.     Tlicre  is  no  transviTsc  bone.     The 

k  completely  dosed  by  the  junction  of  the  pteij-goids  with 

ihcnoid,  and  often  with  one  another  {fig.  10 1 7  ^is).     In  all 

forms  teeth  are  absent,  and  the  trenchant  jaws  ensheathed  in 

Each  rib  articulates  at  the  junction  of  two  vertebrae ;  there  are 


■>!■    Vm*ni  mpKt  of  dw  Aiknm  of  a  rovnt  Lasginlitad  Tunle  (Timlmtitrit^i 

j»4Alh«>bnroBminii,J.     Mnth  I«di>«*il<    Th*  tnrscwduKi  prwooncoMl  e/appoaM 

^Mvclo*  wfitMuuJ  M «fck)y  lepafaud (ran  OM  anotho'.   (AftwOiMn.) 

■aribsi  in  the  cerrical  region,  and  no  transvcriie  processes  to  the  dor- 
BnitthneL  The  verlehne  may  have  proccelous,  opisthoctelous,  01 
P^ifaiazlotis  centra  in  difTercnt  parts  of  the  column  of  the  same  in- 
itHMaiL  In  the  pectoral  girdle  (fig.  1008),  which  i^  situated  within 
Ibe  ribs,  the  coracoid  is  the  widest  of  the  three  earlilagc  bones ;  and 
he  comcoid  and  ptecoracoid  of  opposite  sides  arc  respectively  con- 
iccted  in  the  middle  line  by  ligamentous  tissue  only.  The  con- 
betireen  the  scapula  and  piecoracoid  is  short,  and  there  is 
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no  trace  of  a  sternum.  In  the  plastron  (fig.  1009),  derdo 
the  ventral  aspect,  the  epiplastrals  {es)  and  enioplastral  (r) 
spond  to  the  three  plates  of  the  Labyrintbodont  thoracic 


Fig.  iix>7.^Lcfl  lalcral  wpecl  of  (he  akuU  oT  Tttuda.  ^,  Pmnuilla  ;  ■>,  ll>nIli,:iC 
Prerronial  and  naul  \  /,  Fronu] ;  *,  Pui«uU  ;  0,  SupraoccipiEal ;  1,  }v%m\,  behind  '■4iich  alw 
quadratojugHl,  >nd  above  ihe  pcnlfninlal :  (,  Quidnte,  ibowitiE  the  incmnpletenciB  of  tbnf* 
pinic  ring  poiierioily ;  the  bone  above  thiiring  in  the  muMnowT 

and  apparently  represent  the  clavicles  and  interclavicle.  Th« 
arc  in  addition  paired  hyo-,  ^po-,  and  xiphiplastrals ;  and  in  seme 
forms  (fig.  10 12)  there  are  meso^oitnii 
intercalated  between  the  hyo-  and  hypo- 
plastrals.  The  pelvic,  like  the  pectonl 
girdle,  becomes  in  the  adult  placed  on 
the  inner  side  of  the  ribs,  and  has  the 
pubis  much  larger  than  the  ischium  (Gg. 
1006).  The  two  latter  may  be  anchjdosed 
to  the  xiphiplastral,  and  the  obtuiator 
notch  may  be  converted  into  a  forameo. 
The  humerus  has  an  ectepicondylar  groovy 
which  is  occasionally  converted  into  a  foci- 
men.  There  is  a  centrale  in  the  carpus 
(fig.  829),  and  in  the  Oulydrida  also  in 
the  tarsus.  The  tarsus  may  probably  be 
regarded  as  having  five  distinct  tarsalia, 
as  in  the  Amphibia  and  Mesosamrta.  In 
both  the  manus  and  pes  there  are  almys 
five  digits,  with  a  variable  number  of 
phalangeals.  Not  unfrequently  the  bones  of  the  palate  develop 
inferior  plates  to  floor  the  nasal  passage,  and  thus  produce  second- 
ary posterior  nares  with  a  vertical  aperture.     Since  the  paUeonto> 


Fig.  itoa.— Right  ikie  of  the 
pectoral  gitrlle  of  Tuttida.  i. 
Scapula  ;  a,  PrcCDracoid  ;  e, 
Coracud. 
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;  generally  has  to  d«al  witb  what  ii  rrequently  and  convenientljr 

the  tMelit — that  i5»  the  carapace  and  plascron  together,^ 

must  b«  more  p»niculArly  directed  to  its  structure  in  the 

tTi»iral   forms.     Commencing  with  the  epidcmial  skulctun  of 

ronn«  in  which  this  '\s  fully  developed,  wc  find  that  il  con- 

^  homy  shields,  which  uisualljr  have  their  cdjjcs  in  apposi- 

bui  occa^onally  overlap  (fig.  tost).     On  the  upper  surface 

astt  five  vetitimj  shields  in  the  middle  line,  on  cither  »idc  of 

there  are  four  eostait ;  while  die  horder  hasi  24  or  25  smaller 

of  which  the  median  anterior  one  (when  present)  is  termed 

Id/,  and   the  double  or  single  posterior  shields  ore  known 


^^ 


>* 


!U 


d4;  •.  fintMlutnl  (inUfUanUc);  At.  KyoplocnU  i  fi,  HyiMirUiUal  i  ^i,  Xl|i)>cpUi- 

(ABwt^cn.) 


x^rmidats;  the  remaining  eleven  on  either  side  being  reckoned 
marximais.  The  position  of  all  these  shields  is  exhibited  in 
1017.  On  the  ventral  aspect  of  the  phstron  (fig.  1016)1 
are  Bsually  six  pain  of  shields,  of  which  the  most  iintcrior 
tenned  gtlars,  the  nesti  kumtrah  {pattguiari)\  the  next  pedo- 
<:  then  the  ahdominals ;  \Smi  Jemorait :  and  finally  the  anah. 
iome  cases,  howe\'er,  there  is  an  additional  infer^^ar  (very 
ly  doul>le),  which  is  usually  (as  in  fig.  loii)  placed  between 
gttlan,  but  in  some  eases  may  be  situated  below  the  gulars, 
(KtBg  then  surrounded  by  the  gulars,  humerals,  and  pectorals, 
as  in  Ckehdina.  In  the  extinct  Anhaoihtiys,  of  the  Wealdcn, 
■here  the  intergular  occupies  the  latter  position,  there  is  aLto  a 
fcries  of  apparently  single  inkrftHerai,  inleraMominal,  and  fnttT' 
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/emaral  shieids  dividing  the  normal  pairs  of  plastral  shidds; 
is  probable  that  this  maybe  regarded  as  the  archaic  type; 
in  a  Chelonian,  mentioned  below  under  the  name  of 
there  is  a  median  series  of  intervertebral  shields  dividing  the  i 
vertebrals  into  two  lateral  rows.  In  some  cases  tmj 
shields  separate  the  marginal  from  the  plastntl  shields. 

The  bones  of  the  carapace,  although  following  the  same  j 
arrangement,  do  not,  as  will  be  seen  from  the  figures,  by  any  i 


Fig,  loog  ill. — Upper  surface  of  the  ampuct  of  Thmlaaetktljn  cmrwHti,  with   ibc 

ftbklH^  removed-     Ine  dark  Lines  in  the  middle  region  indicaie  theboundvici  of  the*] 
the  Ainuou^  one*  the  sitturet  between  the  bone*,    hm,  Kucbal  bone ;  Pf^  t*yv^  <to. ;  tbc 
above  thitk  markcil  n  and  the  next  are  the  HuprapyEa]%  \  above  ihese^  tbe  eight  nrtnli,  <£\ 
the  Krft  it  tnarked  n;  c,c,  Cottal  bonea;  m,  m,  Marginal  do.  i  v,v,  Vcnsbni  ihiilili     Hi 
reduced.    (After  Owen.) 


correspond  with  the  overlying  shields.  In  those  forms  with  3  wdt 
developed  carapace  there  are  typically  (fig.  1017)  eight  median 
neural  bones  formed  by  the  expansion  of  the  spines  of  the  dorsal 
vertebrae  (fig.  loio) ;  these  being  preceded  by  a  miclial,  and  fol- 
lowed by  two  or  more  suprapygah  and  a  pygal,  all  of  which  have 
no  connection  with  the  vertebne.  While,  however,  the  nuchal  is  a 
cartilage  bone,  the  pygal  and  suprapygals  are  of  purely  dermal  origin. 
On  either  side  of  this  median  row  is  a  series  c^  from  seven  to  nine 
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k  (fi^.  1 009  /Us)  fomted  by  the  developnien  t  of  a  plate  on  the 
of  ettch  rib  (fig.  loto) ;  whil«  the  sidc'$  of  the  carapace 
by  the  eleven  margfHa/s,'  which  arc  dermal  ossifica- 
.  eigfat  of  which  receive  the  estreinities  of  the  ribs  from  the 
the  ninth.  In  all  young  individuals,  and  in  many  of  the 
funics  (fig.  toagiis),  the  cosul  hones  do  not  extend  to  the 
of  the  nhs,  and  consequently  leave  vacuities  on  the  inner 
marginals,  but  in  the  Lind  Tonoiseft  and  their  allies  (fig. 
carapace  ia  entirely  bony.  In  some  instances,  agAin,  the 
Uof  neural  bones  may  be  reduced  (as  in  lig.  101.4,  where 
jie  but  M.-ven),  and  very  rarely  they  aic  entirely  wanting,  so 
fhe  cosiaix  meet  in  the  middle  line.  1'he  two  suptupygals 
0  be  reduced  to  oitc,  as  in  fig.  1014.  Similar  variations 
k  respect  to  the  degree  of  ossification  of  the  plastron  ;  bince 


— TManMWMdiMi  Hiroagh  Un  thdl  cfC-WkwnurfMi.    Koluceil.    c.Vttitbtti 
.  bjaodad  Manl  iplne;  r.  Rib;  d,  ComJ  1«mi  m.  Uarsuul  do.;  A  flutroo. 


|d  idl  ytnitig  individuals,  and  in  the  existing  marine  forms  (fig. 
i^iroagbout  a  great  pan  or  the  whole  of  life  there  are  vacuities 
^  the  bones,  in  the  land  Tortoiaea  and  their  allies  the  bones 
teotuKCted  by  suture. 

DC  marine  Tunics  the  plastron  is  totally  uneonneaed  witli 
p|Hoe;  but  in  most  other  forms  the  hyo-  and  hypoplastrak 
P  lotigcr  or  shorter  peduncles  underlyinj^  the  marginal,  and 
le  cues  also  the  cosials  of  the  carapace,  and  thus  form  well- 
il  axiiiary  and  inguinal  luitrtsses.  These  peduncles  are 
;  in  some  of  the  exiaing  Pleurodira ;  while  the  inward  protn* 
'  the  buttresses  t&  most  marked  in  the  Indian  BaUigurs. 

3\t  variation  occurs  in  the  &lcuUs  of  the  dilfi^rent  groups, 
I  only  be  mentioned  here  that  in  &oiiie  genera  like  Ckdydra 
^leiome  the  supntemporal  fossa  is  more  or  les«  rnniplctcly 
vra  by  tbc  development  of  plates  extending  ijutnaida  fiom 
lleial  and  backwards  from  the  postfiontal;  this  roof  being 

BOiMlly  the  Dunber  \A  iiuT|[inaU  nuy  be  IncrcaKO  It)  twelve  01  rcUuccd 
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most  complete  among  existing  forms  in  Cfulone  and  DenmA 
where  the  parietal  joins  the  squamosal  In  such  cases,  in  adl 
to  the  inferior  temporal  arcade  formed  by  the  quadrate,  qtari 
jugal,  and  jugal,  as  in  fig.  1007,  there  is  also  a  superior  anade 
stituted  by  the  squamosal  and  postfrootaL  Whereas,  howero^ 
arcades  in  the  Crocodilia  (fig.  10S9)  are  separated  by  the  infii 
poral  fossa,  in  the  Chelonia  they  are  in  immediate  contact. 

The  feet  may  either  have  all  the  digits  free,  or  enclosed  in  a 
mon  integument  to  form  paddles. 

The  humerus  of  existing  Chelonians  is  a  very  peculiar  bone 
actcrised  by  its  extremely  prominent  globular  head ;  btu  in  a 
Jurassic  forms  {e.g.,  Acichelyida)  this  head  was  much  smaller,  m 
the  bone  departs  less  from  a  normal  type.  On  either  side  of  thii 
there  is  a  projecting  ridge,  of  which  the  radial,  or  preaxJal,  one  (em 
termed  the  lateral  process)  corresponds  with  the  deltoid  crest  oTtbe 
codilian  humerus ;  while  the  ulnar  or  postaxial  (mesial)  procctf  1 
sents  the  inner  tuberosity  of  the  same.  In  all  Pleurodiran  Tettod 
the  radial  process  is  comparatively  small,  and  the  ulnar  process  |il 
in  the  same  transverse  line  as  the  distal  surface  of  the  bone.  Ini 
Cryptodira,  however,  and  more  especially  in  the  land  Tortmtti 
radial  process  forms  a  thin  plate  extending  towards  the  ventral « 
and  the  ulnar  process  becomes  twisted  round  to  the  same  aspect; 
causing  the  pit  between  the  two  processes  to  form  a  narrow  hinnd-ib 
channel  instead  of  being  very  broad  and  open.  At  the  same  tin 
shaft  becomes  extremely  curved.  In  the  marine  Turtles,  where  the 
is  nearly  straight,  the  radial  process  tends  to  become  aborted,  ai 
attain  a  position  more  or  less  below  the  head.  In  the  AthccaU,  1 
likewise  have  a  nearly  straight  humerus,  the  radial  process,  whD 
scending  on  the  shaft,  tends  to  an  excessive  development 

In  time  this  order  dates  from  the  Upper  Trias ;  and  it 
attained  great  development  in  the  Upper  Jurassic,  from  whicl 
it  appears  to  have  gone  on  increasing  till  the  later  Tertiary. 

Considerable  diversity  of  views  obtains  as  to  the  classifii 
of  the  Chelonia,  but  according  to  the  system  now  followed  i 
British  Museum  it  may  be  divided  into  the  two  suborders  Atl 
and  Testudinata. 

Suborder  1.  Athecata. — This  group  contains  those  fonns 
have  been  usually  regarded  as  showing  the  nearest  approximat 
other  Reptiles,  and  therefore  representing  the  most  generalisei 
of  the  order.  Dr  Baur,  however,  takes  the  opposite  view,  a 
gards  them  as  the  most  specialised  group,  which  has  tended  to 
or  less  completely  lose  the  carapace.  Before,  however,  a  de 
opinion  can  be  given  on  this  question  it  must  be  determined  wl 
the  absence  of  a  bony  connection  in  this  group  between  the  pa 
and  pterygoids  is  to  be  regarded  as  an  acquired  or  as  an  01 
feature.  It  may  be  observed  that  Dr  Baur  regards  the  gro 
closely  allied  to  the  Chelonida,  but  if  the  undermentioned  T: 
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be  rightly  relerred  lo  it,  we  have  at  once  a  great 

lo  the  acceptance  or  his  view. 

'■nboffder  may  be  briefly  elufactcriscd  by  tKc  clrcomstince 

caiapace  ts  entirely  of  dc-rmal  origin,  end  quite  separate 

vettebrse  and  ribs,  and  may  consist  merely  of  a  series  of 

bones,  or  of  marginals  tni)i  a  •■in^lc  median  liors:)!  row  of 

ftcutes,  or  of  a  number  of  snull  incgular  scutes,  with  longi- 

row5  of  larger  ones;  while  ihc  pb&tron  (fig.  ion)  has  no 

(interdavicular)  element.     The  cranium  1$  charaderiKed 

absence  of  renicaJ  platen  ccinnecting  the  paHetals  with  ilie 

AH  the  forms  are  of  marine  habits,  and  consequently 

of  the  limbs  are  moditiei]  into  paddles  Hkc  those  of 

noticing  tbe  two  established  families,  it  may  be  obscr^-cd 

imperfectly  known   Pstphodtrma   of  the  Upper  Trias   of 

•nd  Engbnd  ie  founded  on  a  specimen  which  appears  to 

■pace  of  a  member  of  this  suborder,  although  it  has  been 

I  that  it  is  not  Chelonian  at  all.    This  presumed  carapace  is 

of  a  number  of  polygonal  scutes,  traversed  by  longitudinal 

of  kedcd  scutes.      Here  also  may  l>c  mentioned  tlie  ^enus 

TlWnaikui,  founded  upon  the  anterior  portion  of  a  toutlied 

from  ihe  Upper  Jurassic  of  North  Amcnco,  which  Pro- 

^'Ur^h  regards  vi  showing  affinity  with  the  Chclonia,  and 

nuy  possibly  indicate  a  getwraltscd  family  of  the  present 

IILV  Protostegiu^ — This  family  is  mually  regarded  as  the 
|:9|iccialised  of  the  two  that  arc  yet  established,  althouj;h  an 
view  is  taken  by  Dr  Baur.  The  carapace,  according  to 
ition  of  that  authoHiy,  is  represented  merely  by  a  row 
nal  scutes ;  but  the  plastron  is  strongly  developed,  and 
of  very  thick  ossifications.  The  t)-pe  genus  ProiosUga 
Ijfptcally  in  ihe  Cretaceous  of  North  America.  It  was  con- 
by  its  dcscriber  Professor  Cnpe  lo  have  possessed  a  solid 
,  but  ibc  liones  which  he  regarded  as  probably  dorsal  appear 
lo  tbe  plastron.  It  was  also  suggested  that  the  dorsal 
were  proccelous,  with  traces  of  transverse  processes ;  but 
:  TCrtetns  are  probably  referable  to  the  cervical  region.  The 
(species  inaioed  very  large  dimensitins.  An  allied  form  from 
Upper  Cretaceous  of  Italy  lias  been  described  under  the  name 
Ti  ^vtnfiargis  (fig.  loti),  but  further  e^i)!ence  is  required  to 
pravc  its  right  to  generic  disltnciion  from  the  American  form.  It 
W^  indeed,  been  asserted  that  there  were  nu  marginal  bones, 
wt  according  to  Ur  Baur  this  is  incorrect  In  the  Cambridge 
ircetoand  and  ibc  English  Chalk  there  occur  humeri  of  Athecate 
;bcloniati&  which  have  been  provisionally  referred  to  Protoitega. 


logo 
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It  is  uncertain  whether  the  remains  from  the  AmericaD  Oct 
described  as  Atlantoclulys  belong  to  the  last-named  g^ius. 

Family  Dermochelyid^ — This  family  is  characterised  by! 
a  carapace  composed  either  of  a  median  row  of  large  and 
scutes  and  lateral  marginal  ro^m,  or  of  a  mosaic  of  small  id 
scutes,  or  tessarse,  traversed  by  longitudinal  rows  of  laijei 
The  plastron  varies  considerably ;  and  the  humerus,  which  ii 
flattened  type  of  that  of  the  Che/onida,  is  distinguished  fia 
of  the  preceding  family  by  the  great  development  of  its  radii 


Fig.  ID]  T.— Ventral  a-<ipect  of  the  pUiiron  and  ihoracic  re^on  fif  Pi^fiii^mji'i  mm 
from  the  Upper  Cnuccous  of  luly.     One-fifuenih  utuiml  liie.    {Afur  CB|icBii 


cess,  which  is  situated  near  the  middle  of  the  shaft.  The  sk 
the  temporal  fossae  completely  roofed,  as  in  the  CkehmiJt 
an  open  tympanic  ring,  but  has  no  bony  floor  beneath  the 
passage.  Whereas  all  the  members  of  the  preceding  family 
moderate  size,  several  representatives  of  the  present  one  a 
huge  dimensions.  The  earliest  representative  is  the  genus  Eosp 
of  the  London  Clay,  of  which  the  one  known  species  was  ori 
described  as  Cfulone  gigas.  The  skull  is  of  the  general  type 
of  the  next  genus,  but  the  carapace  apparently  consists  on 
median  row  of  very  broad  and  large  carinated  scutes,  and 
a  row  of  marginals ;  the  structure  of  the  plastron  is  not  de 
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ii  was  doubUess  devx>id  of  lessane.     The  allied  Psepluh 

iging  in  Europe  from  the  Middle  Eocene  to  the  Upper 

tod  also  found  tn  the  Upper  Eocene  of  the  United  States, 

Tucd  by  the  presence  of  a  complete  tessclatcd  carapace 

Dci.      In  ihc  carapac*  the  longitudinal  rows  of  larger  scutes 

rinaicd,  ami  arc  more  appmximalcd  than  in  the  existing 

e  carapace  is  aho  thicker  than  in  the  btter ;  and  there 

matpnab.     It  is  also  su^gt^tcd  that  the  carapace  may 

homy  epidennal  .shields.     The  Kkiill  is  short  and  much 

,    THc  existing  genua  Dtrmochelys  (SfiAargis)  is  represented 

M)  weU-known   I^athery-lurtlc,  and  is  characicrtsed  by  the 

t  a  tesselatcd  pla&tron  ;  by  ihc  caiinalion  of  the  scutes  of 

rows  of  the  carapace ;  by  the  comparative  thinness  of  the 

which  is  devoid  of  epidermal  shields ;  and  by  the  longer 

:  vaulted  skull.     It  is,  moreoTer,  worthy  of  note  that  in 

IB  the  preceding  genus,  there  U  a  distinct  nuchal  bone  at 

lor  extremity  of  the  carapace,  corresponding  to  the  nuchal 

e&tutlinata;  but  there  are  no  margin;i1  ossifications.     The 

ing   species  of  DrrmorAeJyi  attains  a  length  of  ne:irly  five 

a  species  oi  /'se/AtffAcntj  is  estimated   to  have  been  as 

ten  feet  in  length.      The  skutl  of  Et^i^harps,  altbou^ih 

ger  than  that  al  Pstphopharus,  docs  not  apparently  indicate 

iiger  carapace. 

iMUt  a.  TESTVDrSATA. — This  suborder,  for  which  the  name 

ora  '  b  also  employed,  includes  by  far  the  great  majority 

irdcr,   or  all  those   forms  commonly  known  ait  Tortoises, 

a,  and  Turtles.     The  group  is  characterised  by  the  tniddle 

4  the  carapace  being  formed  of  bony  plates,  developed 

'  from  the  ribs  and  the  neural  spines  of  the  dorsal  vertebra^ 

it  is  (irmly  welded.     The  outer  surface  of  the  carapiice  is 

acrally  smooth  and  overlain  by  horny  epidermal  shields,  but 

me  sculptured  and  devoid  of  such  shields.     The  parietal 

■  tl>c  »kull  in  all  ca.sc3  send  dovm  vertical  descending  pblc^ 

By  either  unite  direcdy  with  the  pterygoids,  or  be  separated 

D  by  the  intervention  of  the  columella  or  epiplerygoid.     It 

Bbeerved  that  in  nearly  all  the  Mesozoic  fomiK  the  vertebral 

ire  very  wide,  and  that  this  condition  obtains  in  the  young 

ater  forms.     This  suborder  may  be  divided  into  four  sec* 

nc.  and  not  improbably  tw<^  families  of  the  third  section 

marine  habits. 

ON  1.  Amphichrlvdia. — This  section  is  formed  for  the 
n  of  certain  extinct  Chelonians,  mostly  of  Mesozuic  age, 
Knbine  in  a  remarkable  manner  the  characters  of  the  two  fol- 

nane  »  objcctituuMr.  ai  bcine  cmployd  foi  an  order  of  lljdroid 
I  \vUt  mfira,  vot.  i  p.  203). 
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lowing  sections,  and  may  probably  be  regarded  as  the  soni 
the  earlier  ancestral  types  from  which  those  two  sections  took 
They  are  all  characterised  by  the  presence  of  a  mesoplasti^ 
and  of  an  intergular  shield  in  the  plastron ;  and  the  pelra 
may  not  be  connected  with  the  xiphiplastrals.  The  entopU 
rhomboidal.  The  skull  and  cervical  vertebrae  are  unknown. 
Family  Pleurosternid^. — All  the  members  of  this  secti 
be,  at  least  provisionally,  included  in  this  family.  In  addi 
the  characters  given  above,  it  may  be  observed  that  the  1 
fully  ossified,  and  that  the  carapace  has  a  complete  se 
neural  bones,  of  which  the  hindmost  articulates  with  the  1 

supr^ygal  bone.  On  ti 
position  that  the  Cbt 
plastron  is  derived  fi 
system  of  abdominal  n1 
those  of  the  Rhynchoo 
and  Sauropterygia,  it  t 
evident  that  the  meso] 
of  the  present  group 
archaic  feature. 

In  the  typical  genus  . 
s/gmum  (Megastemam  1 
gerrAum),  which  ocean 
monly  in  the  English  Pi 
and  is  also  found  in  tb> 
land  Oolite,  the  shell  is 
and  depressed,  with  co 
mesoplastrals  (fig.  101 
large  and  wide  entopla: 
single  intergular  shield,  t 
nuchal  shield.  In  the 
the  pubis  articulates  ' 
smooth  facet  on  the 
plastral,  thus  foreshadow 
complete  sutural  union 
occurs  between  these  b< 
the  Pleurodira  ;  but  in  the  young  it  appears  that  there  was  n 
articulation.  The  neural  bones  of  the  carapace  are  hexagoi 
comparatively  long ;  while  the  vertebral  shields  {as  in  so  n 
the  earlier  Chclonians)  were  relatively  wide.  Further,  infram 
shields  (shown  in  fig.  1012)  were  developed  between  the  shi 
the  plastron  and  the  marginal  shields  of  the  carapace ;  wh 
extremities  of  the  xiphiplastrals  were  notched.  The  bones 
pectoral  girdle  and  the  humerus  approximate  to  those  of  the  t 
Pleurodiran  genus  Chelys. 


Fie-  loii.  —  The  plastron  of  Pliurattiruum 
Baltocki ;  from  the  Purbecli  of  I>orMi»hirK.  One- 
ihird  natural  siie.  ig,  Inter^lar  <cute  ;  g,  Gular 
do. ;  ptc.  Pectoral  do. :  at.  Abdominal  do. ;  /cnt. 
Femora]  do^ ;  an.  Anal  do- ;  e-py  EpipUstral 
bone;  m'/,  Entoplasiral  do.;  ky.p,  Hyoplailnl 
do.;  Ml-/,  McsDt>laKiral  do.;  Ay./.  Hypt^lmral 
do-  \  xp,  Xipbiplastral  do. 
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confusion  bae  arisen  in  regard  to  this  genus  owing  to  a 

having  been  described  under  the  name  of  Plattmyi  Bullocks^ 

I' the  erroneous  impression  that  it  had  been  obtained  from  the 

Gay-      Remains  of  Plmrosternum  are  extraordinarily  abun- 

ibe  Purb«cfc  of  [>or»et»hire;  and  inelude  speriinens  of  All 

>ni  the  newly  Hatched  >'uung,  with  a  carapace  of  a  ccupte  af 

in  length,  to  adult  specimens  which  arc  close  upon  twenty 

Curiously  enough,  however,  no  specimen  of  the  skull 

Ito  have  been  obtained.     The  young  appears  to  have  differed 

ly  in  the  details  of  the  shell  from  the  adult ;  thus,  not 

s  the  puhis,  as  already  mentioned,  entirely  unconnected 

pUMTon,  but  the  marj^nal  bones  cncrwirhcd  in  a  rcniark- 

I  manner  upon  the   front  of  the  niirha].      Moreover,  it  seems 

very  )-oung  individuals  the  vertebral  shields  were  divided  in 

^JSUmk/r/,  of  the  Lower  Greensand  of  Bavaria,  we  have  an- 

geniis  also  furnished  with  complete  mesoplastrals,  but  ap* 

iy    without    any  articulation    K-twccn    the  pubis  and   the 

The  shell  is  ornamented  with  a  pustular  sculpture  rc- 

[hat  found  in  the  genus  Tretcs/ernum,  mentioned  below 

the  Cheiydrida.     The  plastron  differs  from  that  of  Plturo- 

in  that  the  xiphiplo&trals  were  not  notched ;  and  there 

to  have  been  a  nuchal  i>hield. 

next  two  genera,  constituting  the  family  Bainlda  of  Professor 

may  be  at  least  provisionally  placed  here.     Both  are  devoid 

Ibony  attachment  between  the  pelvis  and  plastron.     The  genus 

cArAi  (Heltmys\  typically  from  the  Lower  Kiitieridgian  Htlio- 

ptuc  limestone  of  the  Continent,  is  readily  distinguished  by  the 

of  irregular  ridges  and  prominences  on  the  carapace  (fig. 

j)^  and  bj*  the  width  and  irrcguUr  contour  of  the  neural  bones. 

BtetopbLStRlIs  are  small,  and  widely  separated  in  the  middle 

;  and  the  inlergular  shield  is  single. 

genus  Bacna,  from  ihc  Enccnc  of  the  United  Slates,  has  the 
xU  meeting  only  by  a  point  in  the  middle  ;  and  is  further 
}lc  for  the  presence  of  double  inlergular  shields,  and  the 
ofa  una]]  additional  costal  shield  in  advance  of  the  norma] 
costaL  The  caudal  vertebne  are  opisthoca±lou&  Professor 
who  places  this  genus  in  the  Cryptodira,  regards  it  as  indi- 
generalised  type,  showing  marked  sij^ns  of  affinity  with  the 
,  and  exhibiting  uaces  of  an  imperfect  connection  between 
pdvis  and  the  pla&tron.  The  extinct  North  American  genus 
hifytkffrax  cbould  perhaps  be  also  placed  in  thi-s  family,  although  it 
tk  not  certain  that  it  is  not  alhed  to  Uie  Ciyptodiran  Adoms. 

Here  sHo  may  be  mentioned  the  very  imperfectly  known  genus, 
JlnkMchtfyt.  of  the  Engh&h  Wcaldcn,  in  which,  as  observed  abovOi , 
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the  paired  sbietds  of  the  phstron  were  sepdinted  hy  a  medi 
of  azygous  sliictds,  which  probably  extended  backwarib  fro 
Icrgular  to  the  cxtrcmit)'  of  the  xiphiplaslral.  If  the  separei 
arc  rixhily  interpreted.,  it  would  appear  that  the  plastron 
mesoplastral  clement,  which,  instead  of  being  situated  in  tin 
of  the  bony  bridge  as  in  Pieurosiernuta  (fig.  loizX  lutd  D 
part  in  the  formntion  of  the  axillary  notch,  fonned  the  aoia 
of  ibis  bridge  and  the  whole  of  the  notch.  The  hyopbstr 
therefore  be  entirely  above  the  hiter  notch,  as  in  the  exisli 


S^ 


Fig.  wty—Cv^UMOt  PlatjKMyi  Oitra4a^tri :  from  Iht  l.0w*t  KinuUgiui 
On*-tbird  naiural  wiv-     (Afifr  W^^tt.) 

nxliran  genus  Sternoihtfrus.  I'ossibly  also  a  Chelonian, 
Lower  |uraii»ic  of  Stnncslicid,  dciicnbed,  upon  the  evidence 
impressions  of  the  epidermal  shields  of  the  carapace,  u 
name  of  Tcsttido  UtrUkhndi,  should  aUo  find  a  place  in  this 
The  name  ProfotJuJyi  may  be  proposed  for  this  form,  wh 
certainly  nothing  to  do  with  Ttstkdo. 

Skction  a.  Plecrodira. — The  members  of  this  section 
a  rule,  characterised  by  the  complete  ossification  and  union 
carapace  and  jilastron.  and  by  the  full  development  of  the  in 
bones,  which  are  connected  with   the  ribs,  as  well  as  by  (he 
union  or  anchylosis  (synostosis)  of  the  pelvis  with  both  the 
and  the  xiphiplastral  part  of  the  plastron.     Very  frequently 
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bone,  ind  some  (fig.  1014)  or  occa»ion%lly  all  of  [he 
aic  absent ;  and  when  epidennaJ  shields  are  developed 
liar  (as  in  (ig.  loi^]  is  present  on  the  pUstroii.  This 
bowc\cr,  somctirats  found  Jn  the  next  section,  in  which 
1»  may  also  be  reduced  in  number.  The  cntoijlastral 
to  the  preccdit^  section)  is  either  oval  or  rhoraboidal ; 

ilastral  bone  (compare  fig.   101  a)  may  be  present. 
&kult  of  existing  and  Tertiary  types  the  t)-mpanic  cavity  is 
iy  mrrounded  by  the  (luadxate,  which  forms  an  unbroken 
e  articular  »UTface  of  ihc  quad- 
a  concavity  for  the  reception  of 
ie  00  the  mandible ;  the  pteryft- 
c  inery  broad  and  wing-like ;  the 
may  be  absent,  so  that  the  pala- 
may  meet  in  the  middle  line  ;  arnl 
may  be  distinct  nasals,  and  a  suture 
Tundibular  symphyt^iv     The  ccr- 
renehrw  hare  well-developed  trans- 
proccMcs,  and  single  terminal  ar- 
while  there  are  never  more 
thive  phalangeals  to  the  digits. 

Picurodira  are  fimher  character- 
by  their  irvibility  to  rcinct  the  head 
within  the  carapace ;  hut  the 
ia  bent  on  one  tide  and  die  head 
IviM^ht  within  the  margin  of  the 
In  all  cases  the  lab)Tinth  of  the 
is  completely  open  from  behind. 
Ai  the  present  day  this  section  is  al- 
eiclusivcly  confined  to  llic  southern 
jibcrc ;  but  in  the  Boccne  forms 
or  le&s  neariy  allied  to  exisiinj^ 
wtsc  widely  spread  over  the  north- 
beraisphere,  and  in  tlie  Nfesuzoic 
were  many  European  repiescnla- 
6m  cf  the  groupt     ^V■ith  ihe  exception 

4P«dam*in\  the  existing  fornu  are  carnivorous,  and  the  whole  of 
^^Km  are  thoroughly  aqtudc. 


V\si-  ici4.--Tb«  tlchl  haif  irf  ih« 


UbcB  iftdicaa*  iba  bcwadMrw  of  iha 


At  least  one  of  the  two  earliest  known  genera  of  Tesiurtinat-i  has  been 
afarcd  to  this  section  ;  and  from  the  occurrence  in  maoy  exi*tiny  forms 
if  wpuair  nasals,  and  of  a  mesopLastral  bone,  we  may  regard  this  sec- 
bn  a*  retaining  et'idcncc  r4  a  close  alliance  with  a  primitive  i^cncntliscd 
tfpt  ahich  hat  been  tost  atrwintc  existing  Cr>-ptadiT3.  tince  it  is  nciirly 
"ETtain  ttiat  features  like  ittcsc  if  once  lost  would  not  reappear,  except 
H  abonniialittcs.    The  presence  of  transverse  processes  to  the  cervical 

VDI.  II.  O 
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t'crtebra:  would  also  seem  to  be  a  generalised  character ;  and,  tn 
evidence  atforded  by  the  above-mentioned  Pleuroi/ftintm  and  A\ 
^helys,  the  presence  of  an  intergular  shield  should  probably  be  B 
regarded  in  the  same  light.  The  anchylosis  of  the  pelvis  to  the  pk 
as  pointed  out  by  M.  Dollo,  would,  however,  seem  to  prevent  m 
regarding  the  Pleurodira  as  the  ancestors  of  the  Cryptodira ; 
more  probable  that  both  sections  should  be  regaraed  as 
branches  of  a  common  stock,  probably  represented  by  Amphich^ 
earlier  age  than  those  yet  known. 

It  would  seem  proliable  that  the  palate  of  the  earlier  Mesoioic 
dirans  approximated  to  the  Cryptoairan  type,  and  that  the  peculiv 
dibular  articulation  and  closed  tympanic  ring  of  the  existing  fan 
acquired  features.  The  skull  of  the  Mcsozoic  types  appears  gened 
have  been  roofed  over  after  the  fashion  of  the  modem  Turtles ;  tluii 
ture  having  apparently  been  common  to  many  of  the  earlier  fbims  (I 
this  and  the  following  sections  of  the  suborder. 

Family  PROGANOCHELYiDiE. — This  name  is  proposed 
Baur  for  the  reception  of  the  genus  Proganoc^fys,  fVom  the  Kfl 
of  Wurtembcrg,  which  he  regards  as  a  Fleurodiran,  althou^ 
ing  from  all  other  members  of  the  section  in  that  the  piastron 
only  with  the  edges  of  the  marginals,  without  giving  off  axilliij 
inguinal  buttresses.  It  is  suggested  that  mesoplasttal  bona 
present,  while  the  carapace  is  compared  to  that  of  PlaIjA 
7'he  latter  resemblance  suggests  that  this  form  might  belong  to 
Amphichelydia,  but  a  study  of  the  figure  of  the  type  specimen 
hy  Professor  Quenstedl,  under  the  synonym  of  Psammoehtfys, 
that  its  extremely  imperfect  nature  scarcely  permits  any 
opinion  to  be  formed  as  to  its  true  affinities.  Whether  the 
Tectly  known  and  apparently  aberrant  genus  CheJyfherium  of 
Keuper  is  an  allied  form  cannot  yet  be  determined.  ! 

Family  Pi.esiochelyid,*:. — This  Mesozoic  family  is  characteAl 
l>y  the  total  absence  of  the  mesoplasttal  element  in  the  plastron,  ■ 
also  by  the  circumstance  that  the  pubis  alone  is  united  with  4 
itiphi])lastral ;  while  there  may  or  may  not  be  a  complete  serin 
neural  twncs  articulating  posteriorly  with  the  suprapygaL  The  pi 
tral  shields  are  separated  from  the  marginals  by  the  intervoitioa 
1  series  of  inframarginals ;  and  the  plastron,  as  in  the  succeed 
families,  is  connected  by  long  buttresses  with  the  carapace.  1 
liumcrus  is  of  the  type  found  in  existing  Pleurodira  ;  and  the  sect 
3igit  of  the  manus,  when  known,  has  but  two  phalangeals.  1 
ikull  is  known  only  in  a  few  cases  with  certainty. 

The  typical  genus  PUsiocfulys  and  the  closely  allied  Craspedock 
vere  originally  described  from  the  Ix)wer  Kimeridgian  Lithograj 
imestones  of  IJavaria  and  France.  These  genera  ha\-e  a  Uiick  d 
*ith  the  full  complement  of  neural  bones,  which  posteriorly  join 
Irst  suprapygal,  and  with  the  vertel)ral  shields  of  the  carapac 
uoderate  width.      The  entoplostral  bone   is  relatively  wide 
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;  the  nuchal  is  tnit  slightly  emarginate :  and  the  intergular 

doable.     The  sur£i<:«  of  the  carapace  is  uhuaIIv  marked  bf 

Sorae  at  kast  of  the  Chclonians  Frum  the  KimviidkHan  of 

which  havt  been  dtscribed  under  the  pTCoccui>ii'd  natnc 

1  tnar  be  indudcd  in  PUsiixhtiys,  and  this  gcnuii  is  abo 

r.!i_-'!  in  the  English  Wcaidvn. 

Chclonians,  fiom  the  Kimcrid^an  of  Hanover,  described 
ibc  tiatne  of  Cluiomides  (likewise  preoccupied),  not  iniprol>at}ly 
fofins  connecting  Plaiochetn  with  the  undemicnlioncd 
•iyi.  In  one  specimen  refened  lo  the  type  species  of  Chtl- 
tfacnc  are  but  se^-en  neural  bones  ;  but  tliv  vertebral  shields 
et  than  in  typical  species  of  Hylafxhtlyi.  If  the>e  forms 
y  eotitlcd  to  rank  as  a  distinct  genus  they  rcqwirt:  a  new 
A  skull  uid  to  have  been  associated  with  the  shell  of  the 
:  species  of  Ckthmdes  has  the  temporal  fosste  roofed  over  by 
(^  while  the  palatines  arc  described  as  meeting  in  the  middle 
>lAer  the  raanncr  of  many  existing  Fleurodira.    From  the  occur- 

&of  Pttdochelyi  and  the  undermentioned  IJyiaochtlyi  in  the 
en,  and  the  apparent  rarity  of  the  Adchelyidit  in  the  same 
it  it  probable  that  ihc  nwrnbcrs  of  this  family  were  of  frcsh- 
rhabitt. 
B  probable  that  the  genus  PartuMys  of  the  Lithographic  Lime- 
(wbidi  was  considered  by  Professor  von  Zittel  to  be  indis- 
^  fsaoi  Atkhelys)  y^  really  identical  yf\)S\  Piesiochelyx  :  in 
case  the  former  name  should  sujieisede  the  latter,  and  the 
name  Paraehtlyida  replace  Plcsmhelyidte.  The  humerus  of 
gCDus  resembles  that  of  recent  fleurodira,  and  is.  widely  diffcTL-nt 
that  type  of  humerus  which  appears  to  be  rcfcrahle  to  the 
Hda.  The  number  of  the  phalangeals  in  the  digits  of  the 
of  thi»  form  (and  al&o  in  IJiotAefys)  is  2,  2,  i,  3,  5  ;  and  thia 
u  a  decided  approximation  to  the  existing  Pleurodiran  genus 
iM,  vrhich  dilfen  from  all  other  freshwater  forms  now  living 
there  are  only  two  phabtr^eals  in  each  digit. 
name  ilylaithtiys  has  been  proposed  for  an  allied  genus  of 
typically  represented  by  the  so-called  Plcurvstrrnum 
\btm  of  xht  English  Pcrbcck,  which  as  shown  by  a  shell 
the  Wealdt-n  presi-rved  in  the  British  Museum,  belongs  to  the 
t  faiudy.  This  genus  is  distinguished  from  Piesioehelys  by  the 
wider  vcrtchfal  shields  of  the  carapace,  in  which  the  width 
taf  eseecd  three  times  the  tength  ;  and  also  by  the  ruirruwor  and 
laDond-tthaped  entopiastral  \yanc  ;  as  well  as  by  the  circumstance 
|at  the  neural  bones  ^1  l<^^i  usually,  do  not  join  the  suprapygals 
Id  arc  generally  interrupted  in  the  middle  of  the  wrics  ;  while  the 
ipoplaMfa!  bone  is  relatively  shoner.  Both  in  this  and  the  pre- 
there  may  be  a  vacuity  in  the  middle  of  the  plastron. 
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It  would  appear  that  the  Purbeck  form  described  as  Piairw 
emarginafum,  as  well  as  the  Wealden  specimens  to  which  the 
Chelone  Belli  {eostata),  and  Platemys  Dixom  and  ManM 
been  applied,  are  likewise  referable  to  Hylaeehefys.  It  is,  mo 
very  probable  that  a  Chelonian,  from  the  Upper  Greensandd 
to  which  the  name  Flastremys  has  been  given  without  deso^ 
also  referable  to  this  genus. 

The  genus  Idiochelys  (Chehnemyi)  and  the  allied  Hyir^ 
the  Lower  Kimeridgian  of  the  Continent,  would  appear  to  be 
allied  to  the  preceding.  Idiochelys  resembles  Jlylteochelys  in 
tremely  wide  vertebral  shields,  and  also  in  its  small  and  dii 
shaped  entoplastral  bone,  but  differs  in  that  the  number  of 
bones  is  generally  much  reduced,  so  that  many  of  the  costal 
in  the  middle  line ;  while  there  are  also  differences  in  the  c 
of  the  lower  plastral  shields.  This  genus,  which  is  known  0 
immature  specimens,  was  indeed  regarded  by  Professor  Riit 
as  essentially  Pleurodiran,  although  there  was  no  absolutely  d 
evidence  in  support  of  this  view.  The  shell  is  thinner  than  ia 
ehelys ;  and  the  skull  has  the  temporal  fossae  roofed  over  b; 
and  apparently  had  a  long  sutural  union  between  the  postfrwd 
parietal. 

Mesozoic  Chelonians  or  Uncertain  Position. — It  will  t 
venient  to  notice  in  this  place  several  Mesotoic  Chelonians 
known  to  us  only  by  the  skull,  of  which  the  serial  position 
at  present  be  determined.     A  large  skull  from  the  Portland 
originally  described  as  Chehm  plaiyceps,  but  subsequently  mi 
type  of  the  provisional  genus  Stegochefys,  is  characterised 
incomplete   roofing  of  the  temporal   fossae,  and  the  meet 
the  prefrontals  in  the  middle  line,  while  it  is  stated  to  have  < 
nasals.     The  palate  is  unknown.     The  size  of  this  specimc 
gests  that  it  may  perhaps  be  referable  to  the  Cryptodiran 
Tkalassemys  of  the  Kimeridgian. 

In  the  Wealden  of  Belgium  there  occur  remains  of  young  ( 
ians  to  which  the  name  Chitraeephalus  has  been  applied.  T 
no  mesoplastrat  bone;  and  the  skull  is  characterised  by  itselo 
form,  open  temporal  fossre,  and  the  approximation  of  the  01 
the  nares. 

In  the  Upper  Cretaceous  genus  Rhinochelys  the  shell  ; 
known  by  fragments.  The  skull  (fig.  1014  his)  has  an  i 
temporal  arcade,  the  temporal  fossas  are  completely  roofet 
the  palatines  meet  in  the  middle  line,  the  nasals  are  distim 
the  prefrontals,  which  are  separated  from  one  another  ■ 
frontals,  the  pterygoids  are  comparatively  narrow,  and  k 
emarginate,  while  the  symphysial  suture  of  the  mandible  i 
terated.     The  humerus  is  of  the  Pleurodiran  type  found  in 
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Tt  has  been  suggested  that  this  genus  is  Plcurodiran ;  and 
prove  to  be  the  case  it  will  be  interesting  as  shovrtng  an  ap- 
jn  in  several  cnnial  features  to  the  Cr>ptodira.     In  tts 
rc3of  the  »kull  of  this  genu.«:  3p|>roximnie$  to  the  Cktionida. 
\  fit  Shinoihtfyt  are  ver^-  abundant 
^Osifarii^  Greencnnd,  and  they 
I  met  with  in  lb«  Gault  and  the 
Chalk.     Fiagmentaiy  Chelonian 
front  the  Cambridge  Grcensand, 
the   name   Tnuhy^rmodutys 
applied,  are  not  improbably 
to  this  gcntu.     They  are  char- 
by  Aeir  pustulate  external  sur- 
t}ke    pustules   beirtg    niueh  larger 
the  Amphichelydtan  genus  //f/<*- 
of    the     Loirer    Greensand.      A 
similar,  although  l(r&«  marked, 
OCCU13  in  the  existing  Ckelo-      ^^  „,^  ^  _^,  ,„,^  ^ 

ILT    PEt^KEDt-siD^_- Reverting   J'^X:S™V™?^:^a 
ia»sideration  oT  undoulrted  Pleu-   r^y^fr -l^I'T'^ii.^^fc 
the  present  cxbiing  family  agrees  /— '.  h^-o-""*- 
Ampbichelydian  PSmrestemida 

presence  of  inesapla:slrat  bones,  but  is  distinguished  in 
the  pubis  anil  ischium  have  a  sutural  union  with  the 
TTic  shields  of  the  plastron,  as  in  the  next  family, 
contact  vith  the  margirmls,  owing  to  tlie  absence  of  infra- 
Thc  skull.1  of  existing  types  ha%-c  an  infratvmponil 
and  in  Podocnemii,  alone  among  existing  representatives 
KCtion,  the  temporal  fo**ae  are  roofed  o\-ci ;  moreover,  the 
Is  are  in  contact  in  the  middle  line  and  are  fused  with 
the  palatines,  owing  to  the  absence  or  abortion  of 
vomer,  meet ;  and  the  suture  between  the  dentary  bones  of 
mandible  is  obliterated.  The  second  cervical  vertebra  is 
:lous ;  and  the  neck  is  completely  retractile  within  the 
Further,  the  series  of  neural  bones,  as  in  the  next  family,  i« 
lete  and  b  rtot  connected  with  the  suprapygals.  Finally,  !n 
'thb  and  the  ncitt  family  the  characters  of  the  t)-mpnnic  and 
regions  of  the  skull  are  those  mentioned  at  the  commence- 
EBt  of  the  description  of  the  Pleurodira.  The  earliest  known 
ircseniatives  of  this  family  occur  in  the  Up[Kr  Creiaccous  of  the 
ated  Sutes,  where  we  meet  with  forms  apparently  cl«sely  allied 
the  existing  Podocnemis.  The  genus  Bothrcmys  has  been  described 
the  evidence  of  a  skull  from  those  deposits  ;  while  the  name 
^krmfkys  has  been  applied  to  portions  of  the  carapace  and 
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plastron  which  not  improbably  belong  to  the  same  fonn.  Bt6 
differs  from  Podocnemis  by  the  presence  of  a  distinct  vomer, 
not  improbable  that  allied  forms  occur  in  the  Cretaceous  d 
Zealand.  The  only  existing  genus  which  appears  to  be  represa 
a  fossil  state  is  the  above-mentioned  Podocnemis,  of  South  At 
and  Madagascar,  which  occurs  in  the  London  Clay  and  the  E 
of  Northern  India.  This  genus  includes  the  largest  existing 
sentative  of  the  section.  The  carapace  has  seven  neural  I 
and  the  mesoplastrals  are  small,  and  do  not  meet  in  the  i 
line.  The  shell  of  a  large  Chelontan  from  the  London  Clay, 
has  been  referred  to  this  genus  under  the  name  of  P.  Beb 
may  not  improbably  belong  to  the  genus  Daeockefys.  The  b 
founded  on  a  mandibular  symphysis  from  the  same  dqmdl| 
is  characterised  by  a  large  spine-like  process  on  iti  onnj 
and  the  serrated  margins  of  the  alveolar  borders.  Its  sertd  p 
depends  on  whether  it  is  specifically  identical  with  die  i 
mentioned  shell. 

Family  Chelyid*.* — In  this  family  the  shell  is  much  ti 
than  in  Plesiochelys,  and  is  characterised  by  the  absence  i 
mesoplastrals,  and  the  reduced  number  of  neural  and  supr 
bones ;  while  both  the  piibis  and  ischium  unite  with  the  pit 
The  skull  has  an  incomplete  inferior  temporal  arcade,  owing 
absence  of  the  quadratojugal ;  and  is  further  distinguished  1 
separation  of  the  prefrontals   by  the  frontals ;    the  distinct 
(except  in  Chtlys);  by  the  vomer  dividing  the  palatines;  »■ 
the  persistence  of  the  suture  in  the  mandibular  symphysis. 
temporal  fossae  are  open,  but  there  is  an  arch  connecting  the  p 
with  the  squamosa],  not  found  in  the  Pelopmdusida,  and  wb 
probably  a  remnant  of  the  earlier  type  of  roof    The  fifth  and 
cervical  vertebrae  are  biconvex.     The  neck  cannot  be  fully  ret 
within  the  carapace.     As  typical  genera  we  may  notice  the 
American    Ckelys,  Hydraspis,   and   Plaiemys  ;   and   the  Aus 
Chelodina,  Emydura,  and  Elseya,  in  which  neural  bones  are  a 
Remains  of  Chelodina  and  Emydura  occur  in  the  Pleistoa 
Australia;  while  Hydraspis  is  found  in  a  fossil  state  in  the 
Eocene  of  India,  and  Platemys  has  been  recorded  from  the 
ceous  of  North  America. 

Family  Miolaniid^e. — This  is  an  extinct  family  represente 
by  the  remarkable  Miolania,  from  the  Pleistocene  of  Austn 
which  the  remains  were  originally  referred  to  the  large  Vara 
the  same  deposits.  This  family,  according  to  Mr  Boulenger,  oc 
a  position  in  the  present  section  somewhat  analogous  to  that 
by  the    Chelydrida  among   the   Cryptodira ;    the    caudal   ve 

*  Frequently  incorrectly  given  as  CMyJida. 
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and  the  temporal  fossae  of  the  cranium  roofed 
The  cmuum  (fig.  loij)  is  rcmvkablc  for  canying 
pain  of  hom-likc  proccues  (on  wliich  account  tlic  name 
tijr*  ha»  been  proposed);  and  the  tail  was  protected  by  a 
bony  sheath  (fig.  1014),  somewhat  resembling  that  of  the 
>nt  Edcntaiei,  The  species  of  which  the  skull  is  shown  in 
:ul  muM  have  attained  huge  dimension;!.  'I'hc  carapace 
>n  are  tuiown  only  by  fragments.     From  the  structure  of 


y  ♦* 


\  an),— JTM^aaft  0»ml.    A.  ADiertor  Tbar  nf  cnninm ;  >,  Ri[hi  kuanl  iiptrt  af  Ih* 
Mf  aTlW  —Jul  Jialli;  (ram  llbc  Plattoain  et  Aunnlia.     .Much  nduod.    <iUlv 


wn  it  h  inferred  that  Mio/am'a  was  herhivoroux ;  while  the 

of  the  terminal  phnLingealx  and  the  solid  caudal  sheaih  are 

live  of  terre^tirial  habits.     Tlic  hones  of  the  pelvis  are  fuaed 

Ian  innotninste  bone,  and  some  of  the  cervical  vertebrae  had  two 

proccs&cs. 

Labould  be  observed  that  Dr  Baur  disseni*  from  the  view  ihai  ihiH 

I  b  a  PleurtMlinin.  and  would  refer  ii  to  the  Cryjumliran  family  Tes- 

ySr;  bui  there  appear  10  be  several  mi  sconce  pi  iojis  in  ihe  argu- 

laddaced  in  uijiport  of  this  view.     Sir  K.  Owen  do«s  not,  indeed, 

_n>M  the  Chclonian  nature  uf/l/(i>/it;v//t,  and  regards  ic  as  CDiistitut- 

'  a  distinct  gruup.  under  the  njiine  of  Ccralosauria  ;  but  thi?  view  i* 

fetber  at  variance  with  the  facts,  and  there  can  be  no  questiuii  but 

',  ibe  genus  is  a  iiue  Chelonian. 

FaHiLv  C\RErnK:iiLLYiD.t. — ^The  last  family  of  the  Plcurodira 
tlftaiacterised  by  the  absence  of  horny  shields,  and  is  typically 
it«l  hy  Carettixhelyi  of  New  (iuinca,  in  which  the  neural 
are  very  small  and  do  not  touch  one  another,  and  the  limlw 
IK  paddlc-shapcd.  In  the  Ixiwer  Koccnc  of  Northern  India  we 
find  the  extitKt  genus  JhmUfulys,  which  difiers  from  Carettothtiys 
in  baling  »even  large  neural  bones  in  contact  with  one  another  ;  the 
BUnne  of  the  limbs  being  unknown. 

SlcnoK  3.  CitrrTODiitA. — In  this  section  the  ossification  of  the 
cmpBKX  and  plastron  nuy  be  either  imperfect  or  complete,  and  the 
iwo  nay  or  may  not  be  connected  at  their  edges  ;  there  iit  no  bony 
Bttachment  of  the  pelvis  to  the  plastron ;  and  as  a  general  rule,  the 
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full  complement  of  suprapygal  and  neural  bones  is  [ffesent,! 
there  are  numerous  exceptions.  Excluding  the  Ampbid 
forms,  no  known  Cryptodiran  has  a  mesoplastral  bon^  i 
the  majority  of  cases,  especially  among  existing  types,  tl 

troD  has  DO  intaf^ 
(fig.  1016).  Theaiui 
when  present,  is  dtha 
rhomboidal  (fig.  loi 
f-shaped  (fig.  loog),! 
epiplastral  joins  the  1 
tral.  In  the  skull  (fig 
the  outer  border  of  d 
panic  cavity  is  always 
notched  posteriorly ;  tti 
rate  articulates  with 
cavity  in  the  mandibl 
the  pterygoids  are  o 
rively  narrow  and  1 
emarginate.  There  ai 
more  than  three  pha 
in  the  digits.  The  sat 
caudal  ribs  (as  in  the 
dira)  ardculate  partly  1 
centra  and  partly  w 
arches  of  the  vertebra 
the  cervical  vertebn 
very  imperfectly  d« 
transverse  processes, 
isting  Cryptodiran  has  distinct  nasals,  and  at  present  tha 
decisive  evidence  of  the  presence  of  these  bones  in  any  fossi 
The  Cryptodira  are  further  characterised  by  their  power  of 
ing  the  head  by  a  sigmoid  curvature  of  the  neck  in  a  vertic 
directly  within  the  carapace.  This  large  section  comprises  t 
majority  of  the  existing  Testudinata,  and  at  the  present 
mainly  characteristic  of  the  Northern  Hemisphere,  being 
absent  from  Australia.  The  habits  of  existing  Cryptodii 
be  carnivorous  or  herbivorous,  and  either  terrestrial,  fluvi 
marine. 

Family  Acichelvida:. — Under  this  name  may  be  grc 
number  of  generalised  Cryptodirans  often  spoken  of  as  the 
semytfes,  and  in  some  cases  as  the  Eutystemida.  They  o« 
cally  in  the  Lower  Kimeridgian  Lithographic  Limestones  of  tl 
tinent,  and  are  abundant  in  the  Kimeridge  Clay,  while  they  s 
till  the  period  of  the  Lower  Greensand.  They  were  p 
mainly  of  marine  habits,  since  they  appear  to  be  veiy  rare 


Fig.  1016.— PUilton  of  Kathiga  Iteftam;  from 
India.  Onc'half  natuiat  size  ^,  Gular  shield  ; 
Aitm.  HutneraJ  do. ;  fiec,  Pcctoial  do. ;  oj,  Abdo* 
minal  do.  \/im,  Femoral  do. :  attt  Aikal  do. ;  #./, 
EpipLutral  bon« ;  fivf./,  EntoplastraL  do. ;  Aj/^fi, 
H^ioplaiirB]  da ;  *-/y,  Hypopksuat  do. ;  x./, 
Xiphiplnslnil  do. 
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Purljeck  and  W'L'alden  beds.  They  are  chflracterised  by 
or  \c3i  hcattsbapcd  carapace,  of  which  the  costals  arc 
perfectly  ossified,  and  do  not  unite  fompletely  with  the 
'Ilic  plastron  .has,  moreover,  a  vacuity  in  the  centre, 
for  a  long  period  or  throughout  life,  but  it  had  large 
and  inguinal  buttresses  for  connection  with  the  rarapuce. 
has  a  rer}'  imperfectly  developed  head  and  a  slightly 
fthafl ;  aod  the  limbs  were  not  modi^ed  into  paddlc;s.  Tlie 
bone  of  the  carapace  has  no  costiform  processes ;  and  the 
■1  foBSK  of  the  skull  vcrc  more  or  less  completely  roofed 
f  bone. 

S>eir  cofdiform,  and  frequently  imperfectly  os:>ified  carapace, 
^kktiyida  agree  with  the  modem  CheUnidie ;  and  since  the 
r  form  of  the  neurals  of  Trvpiticmyj  is  fuiother  feature  only 
tb  eUewbcre  in  the  latter  family,  there  are  strong;  grounds  for 
Rg  the  one  family  as  the  direct  ancestor  of  the  other.  This 
aUo  exhibits  certain  signs  of  alSnity  witli  the  Pleurotliian 
%efyida  ;  white  the  simplicity  of  the  hutnerus  is  a  very  general- 
■lactcr. 

genus  TkaJastemyt,  which  includes  some  very  large  forms,  is 

Icfised  liy  its  long  and  flat  neural  hones,  in  which  the  ntiterior 

surfaces  arc  mu<^  shorter  than  the  poaterior  ones  ;  while  the 

al  shields  arc  narrow.     The  carapace  is  well  ossified,  and  of 

nbk  thickness.     The  type  species  occur*  hoih  in  the  Litho- 

tone  and  the  Kimeridgc  Clay  of  England  ;  the  unde- 

onian  from  the  latter  deposit  at  Ely,  to  which  the  name 

has  been  applieti,  being  apparently  identical.     As  al- 

ed,  the  Hortlandian  Utt^ehelys  may  IJlctrwise  be  llie 

aiMl  the  genus  b  repiescnied  in  the  I^orsetshire  Ptirbcclc.     In 

genus  Aeiditfyt  {Euryslemum^  Achetonia,  Palaomeduxa, 

)  the  neural  bones  of  the  carapace  arc  flat,  with  short  itnd 

listinct  aniero-Litem!  suifaces,  and  the  cosWis  are  well  ossi- 

Kttebral  ahiclds  of  the  carapace  being  comparatively  wide. 

seems  to  lie  confined  to  tlie  Lithographic  Limestone. 

'ktfyt,  of  the  Kimeridgc  Clay,  we  have  a  lai^c  form 

very  imperfectly  o&sified  carapace,  in  which  the  costils  are 

!y  thin,  and  the  neural  bones  arc  long  and  six-sided.     The 

surfaces  of  the  neurals  are  much  shorter  than  the 

tcnJ,  and  in  the  6fU)  neural  the  latter  surface.<i  arc  deeply 

The  Dcurals  especially  in  the  hinder  pan  of  the  rara- 

strongly  ridged,  having  the  form  of  the  ridge-tiles  of  a 

the  hinder  pan  of  the  whole  carapace  is  itself  roof-like. 

bral  epidermal  shields  were  very  wide,  and  the  borders  of 


'  Thii  Dame  is  (be  euliett,  but  it  pieoccupjed. 
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the  areas  which  they  overlie  on  the  carapace  are  conqna 
fluted.  The  last  genus,  Tn^demys,  while '  having  the  roo 
posterior  neurals  of  Pehbatockelys,  is  distinguished  by  tJie  i 
regularly  hexagonal  form  of  these  bones,  owing  to  the  lengA 
of  the  anterior  and  the  shortening  of  the  posterior  lateral  tm 
One  species  from  Hanover  referred  to  this  genus  shows  the  n 
feature  of  a  median  row  of  numerous  small  intervertebral  i 
dividing  the  normal  vertebrals  into  two  lateral  series.  This 
occurs  in  the  Lithographic  Limestone,  in  the  English  Kim 
Clay,  and  the  Lower  Greensand  of  Switzerland  {T.  va/ai^im 
The  detached  neurals  are  readily  distinguished  not  only  by 
shape,  but  by  their  exc^sive  thickness. 

Family  Chelvdrid^ — This  family  is  confined  at  the  p 
day  to  North,  and  part  of  South  America,  where  it  is  repm 
by  the  Alligator-terrapins  ( Chtlydra),  and  the  larger  Snapper  (J 
elemmys).  The  skull  is  more  or  less  triangular,  and  very 
behind ;  the  temporal  fossa  is  partially  roofed  over,  but  the 
mosal  is  widely  separated  from  the  parietal ;  the  bones  of  the 
do  not  develop  plates  to  floor  the  narial  passage ;  and  the  tyn 
ring  of  existing  forms,  like  that  of  the  Testudinida,  is  in  gm 
closed  behind.  The  nuchal  bone  of  the  carapace  develops  i 
rib-like  (costiform)  process  on  either  side,  which  underlies  the 
ginals;  and  the  complete  union  of  the  marginals  with  the  i 
does  not  take  place  for  a  long  period ;  while  in  the  pi 
vacuities  frequently  persist  till  late  in  life,  and  the  plastron 
may  be  relatively  small,  and  unites  with  the  carapace  by  gomj 
the  hyo-  and  hypoplastrals  not  giving  off  buttresses  to  undeil 
carapace.  In  existing  forms  the  caudal  vertebne  are  opisthoa 
and  there  is  no  bony  union  between  the  ischium  and  pubis 
same  side  to  enclose  an  obturator  foramen.  The  head  can 
completely  retracted  within  the  shell.  The  humerus  is  not  flat 
and  ha.'i  its  radial  and  ulnar  processes  large,  and  directed  ti 
the  ventral  aspect. 

If  all  the  genera  provisionally  included  in  this  family  are 
referred,  it  will  be  the  oldest  representative  of  the  order  whii 
exists.  The  genera  may  be  divided  into  three  subfamilies,  t 
ing  to  the  presence  or  absence  of  sculpture  or  epidermal  shie 
the  shell.  It  is,  however,  by  no  means  certain  that  all  these 
should  be  included  in  this  family  ;  but  until  we  know  the  ski 
caudal  vertebra;  of  all  the  genera  it  is  impossible  to  decit 
point,  and  it  may  eventually  prove  that  there  is  a  more  or  les 
plete  passage  to  the  Dermaitmydida  from  this  family,  sinc< 
already  are  some  indications  of  a  connection  between  them. 
the  American  Cretaceous  genus  Toxoehelys  is  stated  by  Dr  I 
be  a  true  Chelydroid,  but  to  have  the  procoelous  caudal  vt 
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and  also  to  have  an  open  t>-mpanic  ring.     The 

axe   typically   rcptt-svnti'd   by   Aiostira,    of  the    Ui>per 

of  KattH  America  and   England,  and   wc   may   prnlhibly 

in   the  same  (^oup  Puudotrionyx  {A/ihalidemvi),   of   the 

and  Lower  Eocene  of  Euiopc.     In  iheae  forms  ihc  :thell 

Tcnnirulated  sculpture,  but  epidermzit  shieldK  appear  to  be 

although   Ur  Baur  auiea  thore  are  traces  of  them  in  the 

gena»;  the  plastron  is  well  de\'eIopul ;  nnd  ihe  neural  bones 

laced  to  seven,  as  in  Dtrmatcmys.     Amttira,  which,  on  ac- 

of  the  presence  of  only  ten   marginal  bones,  I>r  B;iur  places 

Dtrm-itfmydidte  {^aurotypida),  difTcrs    from   Pseudatrionyx 

kcutpturinj;  of  the  nt-ural  bones.     The  skull  of  Pseudotrionyx, 

referred  by  Sir  R,  Owen  to  Plafemys.  agrees  csfcntialty 

of  Afaerocltmrnys,  although  thcorbits  arc  less  lateral.     The 

sah&nnily,  Trt/osttrnina,  is  represented  by  I'retosieruum, 

English  M'caldcn  and  Furhccic,  with  which  Peftechetys,  of  the 

of  Be^um,  is  identical.     I'ossihty  the  imperfectly  known 

Atnencan  Cretaceous  genus  Compitmys  may  prove  to  be  a 

allied,  if  nM  identical,  type.     The  shell   is  studded  with 

tubercles,  and  lius  epidennal  shields;  while  the  pListron  ts 

than  in  the  C/ulydrimr,  and  has  an  interguLir  hliield.     This 

I  bowever,  accompanied  by  only  five  paired  plaslral  shields,  as  in 

ys,  instead  of  the  six  found  in  PUuresternum  (fig.  loia). 

1  "TT***'  bone  is  deeply  cmarginatc. 

Fnallf,  in  the  typical  subfamily  Cktlydrimr  the  shell  is  not 
and  has  epidermal  shields ;  the  plastron  is  relatively 
and  generally  ha&  a  median  vacuity;  while  there  is  the  full 
of  eight  neural  bone^  of  which  the  last  articulates  with  a 
VTP^  and  thus  prevents  any  of  the  costaU  from  meeting  in 
^■uddle  lirve.  The  type  genus  Chelydra  i.s  represented  in  the 
or  Lowest  Eocene  of  the  United  States,  and  aNo  uccurt  in 
iVpper  Miocene  of  Switzerland,  ihe  MiddK-  Miocene  of  Sl>Tia 
it  has  been  described  as  Chcfydivpsis),  and  the  Ixiwcr 
of  Ro(t,  near  Bonn.  No  foBsil  fonns  liave  hiiht-rto  Iwen 
to  Mturoclemmys,  which  u  distinguished  from  Chtlydra  by 
mare  deeply  emaiginate  nuchal,  and  the  lateral  orbits  of  the 
■U,  which  is  very  Urge  in  proportion  to  the  shell  and  linib-hones. 
Fajiilv  CiNo-fTEHNtn*. — With  the  American  genus  CiMOsStrmim 
•e  ODcne  to  a  family  readily  dinlingiii>hcd  l)y  (he  toUit  ali.sence  of 
Ae  entoplastT3l  element  of  the  plastron.  In  the  exi^^ting  genus  the 
aknll  has  open  temporal  fosse,  the  nuchni  lias  a  costiform  process 
like  that  of  the  Chtiydridtt,  the  pelvis  is  of  a  Testudinaie  type,  and 
the  caudal  vcrtdwa;  are  proccclous.  The  alisencc  of  the  entoplastral 
occurs  in  the  Swiss  Iwcene  genus  DilkyroxltrnHm,  which  lia,s 
iogly  been  placed  in  the  same  family.    It  is  distingui:>hed  from 
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Cinosternum  by  the  presence  of  eight  neural  bones,  and  die ! 
bridge  connecting  the  carapace  with  the  plastron. 

Family  Dermatemydidve. — The  genus  Dermaitmys,  of 
America,  is  taken  as  the  type  of  a  family  which  iocludes 
typus  of  the  same  region,  and  in  some  respects  cmnectii 
CinosfernidtB  with  the  Chefydrida.  The  nuchal  bone  has  a  ' 
form  process,  as  in  both  those  families ;  the  temporal  fouc  ft\ 
skull  are  not  roofed  over ;  the  caudal  vertebre  are  procceloui;  i 
in  the  pelvis  the  pubis  and  ischium  of  the  same  side  do  not  i 
to  enclose  an  obturator  foramen.  The  shell  is  well  ossified, 
the  type  genus  the  union  between  the  costals  and  marginab  i 
not  take  place  till  a  late  period.  Baptemys,  tiS  the  Upper 
of  North  America,  which  has  been  included  by  Professor  < 
DermalemySy  is  distinguished  from  the  latter  by  having  the 
number  of  neural  and  suprapygal  bones,  so  that  none  of  Ae ' 
meet  in  the  middle  line.  Here  may  be  mentioned  sevenl 
North  American  forms,  most  of  which  are  referred  by 
Cope  to  a  distinct  family — the  Adocida — mainly  on  account  of  I 
circumstance  that  the  ribs  do  not  develop  heads  to  articulate  i 
the  vertebrEe ;  but  since  the  same  feature  occurs  in 
among  the  Testudimda,  it  cannot  be  regarded  as  of  &mily ' 
In  Homorophm,  of  the  American  Cretaceous,  there  is  no 
gular  shield,  and  the  vertebral  shields  are  very  narrow.  In  Ai 
of  the  Upper  Cretaceous,  and  Agomphus  (with  which  Dr  Baor  i 
Amphiemys  is  identical),  of  the  Eocene,  intei^ular  shields  wOl 
present.  The  former  has  traces  of  sculpture  on  the  shell ;  while  ii 
the  latter  the  epidermal  shields  are  very  thin,  and  the  sur^ure  oflhl 
shell  is  marked  with  a  faint  vermiculate  sculpture.  We  are  thui  IbI 
on  to  the  European  Trachyaspis,  which  is  probably  an  allied  ta^ 
and  with  which  one  or  other  of  the  American  types  may  peila|i 
prove  to  be  identical.  This  genus,  which  has  elongated  veitdial 
shields  recalling  those  of  Dermatemys  and  Baptemys,  occurs  typidfl) 
in  the  European  Tertiary,  and  has  also  been  recorded  from  ^ 
I^wer  (ireensand  of  Switzerland,  although  the  latter  fonn  has  bcfl 
referred  by  Professor  Riitimeyer  to  Plesmhelys.  A  nearly  entir 
carapace  has  also  been  obtained  from  the  Tertiary  of  Egypt  Ti 
surface  of  the  shell  is  covered  with  a  distinct  vermiculated  sculptin 
like  that  of  Trionyx,  but  thin  epidermal  shields  were  present. 

Family  Platysternid*. — The  existing  Burmese  genus  Plei, 
slermim  is  represented  by  a  very  small  Chelonian  forming  the  on' 
member  of  a  family  which  connects  the  Chelydrida  with  the  Tat 
dinidis.  Thus  the  temporal  fossae  of  the  skull  are  roofed  over,  tl 
pelvis  is  of  a  Chelydroid  type,  and  the  caudal  vertebra  are  most 
opisthoccelous ;  but  the  nuchal  agrees  uith  that  of  the  Testudinu 
in  having  no  costiform  process. 
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T  TlSTODiNiD*. — Following  Mr  Boulenger's  *TTaiigement, 
isive  bmily  is  taken  to  include  the  Cisttidimda  and  most 
'mydidm  o(  other  writers,  and  may  be  briefly  characterised 
n ;  The  Utnbs  terminate  in  free  digits ;  epidermal  horny 
Ire  aluays  present,  Ihii  there  is  no  intecguUr  shield  :  the 
I  is  ovoid  and  fully  ossified ;  the  plastion  in  the  adult  is 
ed  with  the  carapace  either  by  suture  or  a  straight  articula- 

I  b  always  fully  ossified.  There  is  no  costiform  process  to 
bal  bone;  the  temporal  fossae  of  the  skull  arc  not  roofed 

bone ;  the  caudal  vertcbnc  arc  procccloua ;  and  the  pubis 
lium  of  either  side  unite  to  enclose  an  obturator  foramen, 
merus  has  a  wcll-de%'cloped  head,  and  its  &haft  is  more  or 
red.  The  skull  is  of  nearly  equal  width  throughout  its  posl- 
ortion.    'I'bc  Terrapins  and  Tortoises,  as  the  existing  mem- 

this  family  arc  commonly  termed,  exhibit  great  variety  of 
oroe  being  aquatic  and  others  terrestrijU ;  while  some,  again, 
riTorous  and  others  herbivorous.  Some  of  the  terrestrial 
we  the  normal  two  epidermal  caudal  shields  of  the  carapace 
geiher  into  a  single  large  shield. 
My  commence  our  brief  survey  of  this  large  family  with  the 

group  of  Batogurs,  represented  by  Jiata^r,  Kac/mx'i,  liar- 
id  allied  types.  These  include  freshwater  TenapinB,  frc- 
oT  large  size,  characterised  by  the  great  development  of  the 

and  inguinal  buttresses  of  the  plastron,  which  dix-ide  the 

■  the  carapace  into  chambers,  and  also  by  the  presence  of 

more  Ktrong  ridges  on  the  oral  surface  of  the  palaie,  running 

to  its  alvetJar  borders.  On  the  plastron  (fig.  1016)  ihe 
tetween  the  humeral  and  pectoral  i^hields  is  below  the  etuo- 
Kaehuga  (including  Pan^hura)  has  the  fourth  vertebral 
loogated,  and  o\'erlying  parts  of  four  or  five  neural  bones; 
nor  Dcurals  being  elongated  and  hexagonal,  with  the  short 
erioT,  The  typical  A',  lineata,  m  which  the  fourth  rcrtebral 
\  broad  anteriorly,  is  represented  in  the  Pliocene  Siwaliks  of 
vhicb  aiso  yield  the  existing  A'.  MoM^oia.  In  a  second 
Paffgihura),  in  which  the  fourth  vertebral  shield  is  narrowed 

E'  1  at  its  junction  with  the  third,  we  have  the  existing  A". 
.  tet6)  in  the  Pleistocene  and  Pliocene  of  India.     JJar' 
1017)  is  clutracterised  by  the  shoniie>s  of  ihc  fourth 

II  shield,  which  usually  eirtends  over  three  neural  bones 
I  the  (igurt),  and  by  the  third  vertebral  shield  uveiiymg 
t  three  (in  place  of  two)  neumls.     It  is  represented  in  the 

by  the  existing  //.  TAttrxi  {fig.  1017).     With  the  exist- 
ican  genus  Ckrysemys  we  come  to  forms   in  which   the 
and  inguinal  buttresses  arc  much  lcs.s  developed  than  in 
and  the  neural  bones  are  .shorter  than  in  HardtUa. 
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In  Chrysemys  itself  the  sulcus  between  the  humeral  and 
shields  of  the  plastron  is  situated  entirely  on  the  hyopIastnJtl 
fig.  1016;  and  from  the  presence  of  this  feature,  it  is 
that  the  so-called  Emys  testudim/ormis  and  £.  M^rtMota, 

London  Clay,  should 
ferred  to  this  genus.  '. 
existing  genus  OcaA, 
China,  and  also  in  the  I 
arctic  and  North 
C/emmys,  the  hut 
sulcus  is  placed 
more  anteriorly,  and 
quently  cuts  the  ent 
bone.  A  similar  iatHn] 
frequently  found  in  die  1 
called  £Mys  erasta  {A 
lietuis),  of  the  Upper  : 
of  Hampshire;  and 
pears  that  this  form 
be  referred  to  the 
Palaochefys,  of  the 
Miocene,  from  which 
is  probably  not 
Emys  wyomingensis. 
Upper  Exx:ene  of  NoA 
America,  appears  to  be  ■* 
ferable  to  the  same  gtoK 
Ocadia,  it  may  be  obsenc^ 
agrees  with  the  herbivotOH 
Batagurs  in  the  presence  of  ridges  on  the  palate ;  but  these  riclpi 
are  absent  in  Cltmmys  and  the  undermentioned  forms,  whicli  M 
purely  carnivorous. 

These  forms  may  be  divided  into  two  groups,  according  is  to 
whether  the  plastron  is  united  to  the  carapace  by  suture,  or  sin^ 
by  ligament.  In  the  former  series  Clemmys  is  represented  in  thl 
Pliocene  of  Algeria  by  a  species  closely  allied  to  the  existing  C 
Uprosa  of  that  region.  The  characteristic  Oriental  genera  Damaot 
and  Bellia  are  represented  in  the  Pliocene  Siwaliks  of  India ;  ih 
fossil  Damonia  being  apparently  inseparable  from  the  living  h 
Hamilloni.  In  the  second  series,  where  there  is  a  more  or  la 
complete  transverse  hinge  in  the  plastron  at  the  junction  of  th 
hyo-  and  hypoplastrals,  and  the  buttresses  of  the  carapace  may  l 
wanting,  we  find  remains  of  the  existing  Emys  orbicularis  {£.  I 
Iraria  or  Lutremys),  commonly  known  as  the  European  Pond-to 
toise,  in  the  Pleistocene  of  England  and  the  Continent.     Cistiui 


Fig.  1017.— Cdrapaceof //arrfr//a  Thnrgi;  India. 
XH,  Nuchal  boiic ;  ni-nS,  Ncunl  do. ;  ify.  Supra- 
py^al  du. ;  fiyt  Pygal  do. ;  ci-<8,  CoiibI  do- ; 
lf^l-Hlll^  Marginal  do.     Reduced. 


I  ainioat  exclusircly  terrcstiialf  has  been  recorded  from  the 
ntol  Miocene.  The  Indian  genus  Nmria,  which  is  repre- 
rt  the  cxistii^  N.  (Chaibauia)  tricarinata  in  the  Siwaliks,  is 
Uied  from  all  ihe  preceding  forms  in  thai  the  neural  bones 
Hr  >bon  side  placed  postcrioily.  The  exiinut  Plyeho/^astcr,  o( 
VI  Miocene  (Upper  Oligncene)  of  France,  is  rhamcterised  hy 
Mcnttitu  junction  of  the  hypoploalriil  with  the  carapace,  and 
retcnoe  of  a  hinge  between  the  hypo-  and  hjroplxstrals,  and 
the  coniDur  of  the  neural  and  cosul  bones,  which  approxi- 
I  ibotc  of  the  true  Tortoises;  from  which  we  may  assume 
I  form  was  mainly  of  terrestrial  habits.  In  both  genera  the 
•pectoral  sulcus  cuts  the  cntoplastral  bone, 
e  bmd  Tortoises  forming  the  laat  group  of  the  family,  the 
loncs  arc  generally  very  short  and  wide,  and  may  he  either 
Mil,  or  altcmateljr  ictragoruil  and  octagonal ;  while  the  cotttal 
Ire  ^nerally  ahernately  short  and  long  at  chcir  inner  and 
Urcmitics ;  the  suture  Iwtween  the  marginal  and  cosia!  Ijones 
coincides  with  the  sulcus  dividing  the  corresponding  shields, 
caudal  shield  is  generally  undivided.  In  most  cases  the 
kctwccn  the  humeral  iind  pectoral  shields  is  behind  the  enlo- 
bone.  The  digits  dilTer  from  those  of  most  of  the  preceding 
by  Ireing  adapted  solely  for  walking,  and  devoid  of  wcIm  ; 
te  metaoirpats  are  shorter,  and  the  humerus  h  verj-  much 
with  ibt  radial  and  ulnar  processes  approximated.  The  least 
existing  forms  arc  Cynixi's  and  lyxts,  which  have  neiir.Tl 
those  ol  Ilomepui,  but  costaU  of  the  ordinary  Emydinc 
appear  to  be  unkno»Tt  as  fassils.  I/adrianus,  of  the 
')  Eocene  of  the  United  States,  includes  generalised 
of  large  size,  in  which  the  neural  bunes  are  elongated  and 
with  the  shorter  lateral  surface*  posterior ;  the  costals  do 
,c  in  length ;  the  vertebnd  shields  are  narrow ;  and  the 
it  divided.  The  genus  I/omnpus,  which  now  includes 
of  small  size  confinwl  to  Africa,  has  no  ridge  on  the 
and  the  neurnl  bones  are  short  and  hexagonal,  with  short 
lateral  surfaces,  ami  the  caudal  shield  is  single.  It  is  rcprc- 
in  the  Upper  Miocene  of  Switzerland  by  the  so-called  £niyt 
,  and  in  the  t.ondon  CUy  by  E.  Camptom.  In  ^yltmys,  from 
lie  River  Miocene  of  the  United  Slates,  the  short  neural  hones 
cir  shoncr  lateral  surface  placed  anteriorly,  the  posterior  cnsuils 
,  alternate  in  length  at  their  ejttrcmities,  and  there  is  a  single 
ahield.  All  the  remaining  forms  may  be  included  in  Testu4o, 
h  the  pabte  has  or>e  or  two  ridges  ;  the  neural  bonei;  iiiuaily 
of  an  allemaiion  of  small  tetragonal  and  larger  uct:igonal 
rhile  the  anterior  exlrtniity  uf  the  ejiiplastrals  is  more  or 
Ckcnod.     la  the  akull  the  pterygoids  arc  wide,  and  dcpteiwed 
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in  the  middle  (fig.  loiyi/j).     Usually  the  caudal  shield  is 
but  it  may  be  divided.     The  ribs  have  no  heads  for  aiticulatiaa| 
the  vertebre.     The  forms  described  as  Manuria  and 
may  be  included  in  this  genus,  which  comprises  a  laige  re 
species.     Exclusive  of  the  Jurassic  so-called  T.  Strickian£, 
has  been  already  mentioned  under  the  head  of  TVv/arA^s, ' 
earliest  occurrence  of  the  genus  appears  to  be  in  the  Upper  '. 
Phosphorites  of  France ;  it  is,  however,  not  certain  that  the 
from  these  deposits  may  not  be  referable  to  one  of  the 
genera.     A  marginal  in  the  British  Museum  indicates  an  ind 
about  30  inches  in  length.     T.  gigas,  of  the  Miocene  of 
Loire,  is  a  still  larger  form ;  and  species  of  la^e  dimoisions 
occur  in  the  Lower  Miocene  of  Allier  and  the  Middle  Mioceoei 
Gers,  as  well  as  in  the  Pliocene  of  France  and  Greece 

The  huge  T.  {Colossochelys)  atlas,  of  the  Pliocene  Siwaliks  of 
was  one  of  the  earliest  of  the  lar^  extinct  forms  brought  to  the  1 
of  science,  although  its  size  has  been  greatly  exaggerated.  It  ap, 
indeed,  that  the  length  of  the  carapace  was  about  six  feet,  or  one-tl 
^eater  than  in  T.  elephantina,  of  the  Galapagos  Islands.  This  sp 
IS  remarkable  for  the  great  development  of  the  eptplastral  bones,  1 
formed  a  pair  of  hom-like  processes ;  and  is  also  noteworthy  for 
anchylosis  of  the  three  bones  of  the  pelvis  into  an  innominate  bone.  iM 
skull,  which  probably  belongs  to  this  species,  resembles  in  structure  <m^ 
skulls  of  the  recent  giant  tortoises  of  Aldabra.  The  carapace  had  a» 
nuchal  shield,  the  caudal  shield  was  divided,  and  the  limbs  nR 
covered  with  bony  ossicles,  as  in  the  existim;  T.  emys  of  India,  to  wbiiA 
this  form  was  probably  allied.  The  large  T.  perpiniana,  of  the  Plioceai 
of  France,  in  which  the  depressed  carapace  measures  nearly  four  feet  ii 
length,  and  the  limbs  were  likewise  covered  with  dermal  ossicles,  m 
probably  also  nearly  allied.  An  unnamed  species,  from  the  Pliocene  rf 
the  Siwalik  Hills,  has  a  skull  resembling  that  of  the  Galapagos  tortooa 
(fi^.  1017  f>is) ;  which  are  characterised  by  the  backward  extension  of  At 
opisthotics.  We  also  find  in  the  Siwaliks  T.  Caulleyi  chaiacteriscd  by 
its  small  epiplastrals  ;  and  T.  punjaiiensis,  which  appears  to  hai-e  bed 
a  form  allied  to  the  smaller  existing  Indian  T,  emyi.  Remains  of  giiM 
tortoises  also  occur  in  the  Pleistocene  cave-deposits  of  Malta. 

Finally,  we  must  not  omit  to  briefly  mention  the  giant  tortoises  of  ibe 
present  epoch,  which,  it  appears,  have  been  driven  from  the  contiuaitil 
areas  by  the  competition  of  the  higher  types  of  life  to  seek  refuge  in 
islands,  where  they  attained  an  extraordinary  numerical  development, tiD 
their  haunts  were  invaded  by  man.  These  tortoises  formerly  existed  '* 
great  numbers  in  the  islands  of  the  Aldabra  group,  lying  to  the  north-wtd 
of  Mada^'ascar;  in  the  Mascarenes,  which  comprise  Mauritius  and  Rodri- 
Ifuei ;  and  also  in  the  Galapagos,  or  "  Tortoise-Islands,"  which  lie  off  the 
coast  of  South  America.  The  Aldabra  Tortoises  are  characterised  bf 
their  deeply  excavated  palate,  short  opisthotics,  and  the  presence  of  a 
nuchal  and  of  double  gular  shields.  Some  of  them  were  living  in  the 
year  1877.  In  the  Pleistocene  of  Madagascar  remains  of  two  very  laigt 
species  have  been  found,  both  of  which  present  the  characters  of  the 
Aldabra  forms.  The  Mascarenc  species  have  no  nuchal  shield,  and  onh 
a  single  gular ;  and  the  whole  of  them  have  been  extenninated  by  humai 
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Tbrir  skalb  rrwinblc  ihmc  of  the  next  group  (fig,  tof?^it)  in 

bt  exca>4tion  i)f  the  p:iiaie,  and  ilie  prrutuccd  opi^ihotics.     Finally, 

ipayra  tonoiies.  i.  cniuidciable  nuinlier  nf  vhich  were  found  in 

K  and  Abingdon  liUnds  during  the  voyxgt  of  Ihr  Challenger, 

ttnpiiftbcd  bv-  ibr  double  gul.in  and  the  ubsence  of  the  nuchnl 

FnxD  tht  Pleistocene  of  South  America,  Dr  Mar«node$CTibe« 

XB  tortoises  allied  to  the  CalapHgos  forms :  one  of  ihem  being 
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tit.  —  KitMBl  lupicl  of  ibc  cnniun  of  Tnltnif  pwnn/*!""  ■'   '"""  *'■•  Calnj^oi 

-  »»  ihlfil*  IMIUT'I  tUc.    HH.  AuilitucT  ipatiur*  ;  it.  Buiutiiiiii >1 ;  tt,  Ruinih* "Old  i 

l]4c  «/  quaJMtt :  Ki.  SJuilU  :  <•-,  OuHpiul  condyle  ;  «f,  Ogiiiihiiiic  ;  /«/,  Palaiin*  I 

LUlUi  #1*.  Futxtoid  .  /■•  (juKilnii  :  t^n.  N|uiinoul :  iv/.  Siipratxci[iUiil  tpine  '. 


u  ihe  probable  anceswr  of  T.  nigra  {tiffhaniofius)  of  ihe 
^roDp.  The  carapace  of  7'.  tlepkanliKa  measures  four  feet  in  a 
[line. 

ILT  CheijdsidvE. — The  lost  family  of  the  Cryptodira  differs 
H  the  precedir^  in  hanng  the  limbs  modified  into  more  or 
Dnplete  poxldles  or  fliiipers  (fig.  loiS),  whkh  tn  the  existing 
ha%-e  only  one  or  two  daw<i.  Thu  t-arapacc  is  broad  and 
or  less  depressed,  and  is  very  generally  heart-shaped  (fig. 
although  in  some  of  the  early  forms  it  is  rounded  at  both 
Mlics.  'llic  nuchal  bone  has  no  cosliform  process ;  there  arc 
larger  or  smaller  unas*ified  spaces  between  the  coslals  and 
lala  of  the  carapace  (hg.  1006),  but  in  very  old  individuals 
,y  oliliteraie  in  some  forms;  and  the  pta&tron  is  not  articu- 
it.  P 
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Intcd  to  the  carapace,  and  has  digitated  lateral  terminoiio 
generally  a   larger  or   smaller  median   vacuity   (fig.    1009).] 
humerus  is  moic  or  less  flattenoi,  with  the  axis  of  the 
erally  placed  nearly  ini mediately  above  that  of  tlie  shaft, 
radial   process   small,  and   placed   more  or  less  below  the 
developed  head.      The  caudal  vertcbnc  are  prococlous,  aoAj 
ccrvicals   extremely  short.     In  the  !>kull   the  temporal  foaM<j 
completely  roofed  over  by  bone,  so  that  the  liquamosal  joiiB\ 
parietal ;  and  the  bones  of  the  palate  unite  for  a  longer  or : 
distance  beneath  the  narial  pasuge,  .so  as  to  throw  the 
,.nare&  more  or  leas  backward  (%   loso).     The  prefrontalt, 
Imosi  Ttftudinidie)  alwa^'s  form  a  re-entering  angle  posicrio 
the  tjinpanic  cavity  Is  quite  open  posteriorly,  so  as  to 
stapes.     In  old  individuals  the  vacuities  in  the  sliell  tend  to  1 


ni.  loil.— Yaaii|<rflb(  Kawtubill  Twtia  (rMnw  ladvintajL    Uaib  f«luNA. 
CAft«  B*)l.] 


literate,  and  in  the  more  generalised  extinct  types  this  teixlenqr  i 
much  more  marked,  and  ic  is  quite  probable  that  in  some 
they  may  have  completely  disappeared.  I'his  more  complete  1 
cation  of  the  shell  in  these  generalised  types  indicates  aAinity 
the  preceding  families,  and  probably  more  especially  with 
Adfhefyidit ;  and  the  same  is  indicated  by  other  feature*;,  sudii 
the  more  marked  constriction  of  the  shaft  of  the  humerus,  andtll 
more  oblique  position  of  its  head,  together  with  the  ptolulrie 
encc  of  claws  to  all  the  digits,  Some  wTilcrs,  indeed,  consider  th* 
more  generalised  types  as  entitled  to  constitute  a  distinct  family 
\i\c  Propltunda ;  but  their  close  relationship  to  the  existing 
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forhida  this  view.     Wc  hnvc  already  suggested  reasons  for 

thi&  family  as  twing  descended  from  the  Mesozoic  j4a- 

and  froai  this  point  of  view  it  is  interesting  to  note  the 

>  of  an  intvtgular  shield  in  the  plastron  of  the  exi.'^inj^,  and 

ft  therefore  of  the  fossil  foini.s  »ince,  as  we  luve  already 

fHaa  appears  to  be  an  archaic  feature.     Ilie  same  observa- 

■pply  to  the  open  tynipanic  ring.     At  the  present  day 

'    four   living  species  of  Turtles  —  viz.,  the  Loggerhead 

ijoiMefyt  atrtrta,   fig.    1006),   the  Mexican   LogR<:thcad  (7*. 

t),    the    Hawksbill    [Chtione  imbritata,    fig,    1018),   and   the 

I  Turtle  (C.  mydas),  all  of  which  arc  of  purely  macine  habits. 

■wksbill  alone  is  carnivorous  ;  and  is  further  peculiar  for  the 

thai  in  the  young  state  the  epidermal  shieldn  imhricate, 

of  uniting  by  their  edges.     Ii  has  been  suggested  ihat  the 

genen  wer«  of  estturine  rather  than  purely  marine  habits  ; 

it  IxMTie  out  by  their  occurrence  in  the  estuarine  deposits 

[ihe  I<ondon    Clay,   to  the   exclusion    of    the    murine    genus 

remarkable  of  the  extinct  genera  is  Lyloloma  {Eur!as/ts, 
Glassocheljs,  or  ErquelinMsia),  which  octuts  typically 
a  ibe  EocoK  of  North  America  and  the  London  Clay,  and  is  also 
KpTscnird  in  the  Middle  Eocene  of  Brack Icsham,  as  well  as  in  the 
and  Cambridge  (ireensand.  In  the  t)'pical  Eocene  forms, 
Kxalled  Citiatte  fflanimenium  and  C  crassiwstatum  of  the 
day,  die  sicull  it  as  large  in  pToporlion  to  the  shell,  as  in 
vnj  among  the  C^efyJruitr.  Th«  skull  of  tlie  adult  is 
ieaukablc  fot  the  extremely  backward  position  of  the  |>osierior 
wbicfa  art  approximated  to  the  basioccipitol ;  and  for  the 
lattd  width  of  the  mandibular  sj-mphysis  (fig.  1019,  a).  The 
has  k>w  alveolar  walls,  and  no  oral  ridge  ;  the  nares  and 
are  directed  somewhat  upwardly ;  and  ihc  bar  between  the 
a  narrow,  '["he  shell  is  characterised  by  the  great  extent  of 
jhoMiificaiion,  as  well  as  hy  the  rounded  posterior  cxircmily  of  the 
an|»ce.  and  the  suiural  connection  of  Che  broad  xiphip1a.<itrals  in 
)At  median  line.  The  head  of  the  humerus  is  »omewh.it  oViliquc, 
nd  iix  ihaft  much  constricted.  The  limbs  were  clawed.  Curiously 
noogh,  in  the  young,  and  perhaps  also  in  the  adult  of  some  of  the 
imOo'  forms,  the  po^erior  n.-tres  were  plac«d  much  le^  back- 
mdly,  and  the  mandibular  5>-mphj-sis  was  shorter  and  less 
tutened.  It  is  probable  that  at  least  some  of  the  Nonh  American 
Eocene  forms  described  as  Otieopygfs,  PrepUura,  and  CtUapieura, 
ate  not  separable  from  this  genus ;  while  a  turtle  from  ihe  Creta- 
cnes  of  .^uMraiia,  origmally  described  by  the  preoccupied  name 
if  XittfiMrfyt,  but  which  has  been  provisionally  designated  A'tfAv 
probably  ohio  nearly  related. 
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Closely  allied  to  the  preceding  is  the  genus  TJia/atsxka 
represented  by  the  loggerhead  (fig.  1006).  The  skull  is,  hoi 
relatively  smaller  in  proportion  to  the  shell,  which  is  disting^ 
by  the  presence  of  five  costal  shields ;  the  carapace  is  faeait-^ 
the  xiphiplastrals  are  narrow,  and  join  only  at  their  extren 
while  the  terminal  phalangeals  are  flattened  and  have  but  o 
two  claws.  The  shell  is  distinguished  from  that  of  Ckelom  \ 
more  complete  ossification,  and  its  T-shaped  entoplastral; 


Fig.  1019.— Oral  oipKt  of  ihe  left  half  of  ihe  nuuiilibic  of  I^Mrma  crmuimfmtmm 
L'htlaiu  Hiyiias  (u).  Reduced,  llie  former  from  the  Lower  £oc«ic  of  Belsium,  ibe  1 
cent,  r,  PosLiriiL-ular  proccu;  p,  Splerual ;  jv,  Geniohyoid  xrcove;  ^,  k,  loMftion  of  i 
muscle;  k,  (Juranuid  process. 


the  humerus  is  more  constricted,  and  has  its  head  placed 
obliquely.  The  position  of  the  posterior  nares  and  the  form  < 
palatal  walls  and  mandibular  symphysis  closely  resemble  the 
parts  in  the  young  of  Lytohma.  In  very  old  specimens  the  ■ 
ties  between  the  costals  and  marginals  completely  close  up. 
genus  probably  occurs  in  the  London  Clay,^  and  also  in  the  M 
Eocene  of  Brack lesham. 


>  As  indicated  by  a.  mandibular  syrophysii  iu  tlie  British  Museum. 
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'^iofhtfys,  of  the  l^ndon  Clay,  the  skull  (fig.  loio],  ^^tuch 

:  and  bu  deeply  emorginate  pterygoids,  diflTcn  from  thai 

genera  by  the  presence  of  an  oral  ridgi!  on  either 

^tbc  poJatc  and  in  the  middle  of  the  tnandihubr  s>-inphysi», 

these    arc   present    in    the    Mexican    Ixjggerhcad.     The 

in  the   young  of  Lytoloma,  is  very  long,   and   extends 

tlo  join  the  ptemaxillx ;   and  the  pterygoids  are  charac- 

tbc  forwaitl   position  of  their  ectopltrryguiii  processes. 

•eerTK  to  ha%'e  been  much  like  thai  of  Thalassoefufys, 

only   four  coiiia]  shields,  and  its  ptutron  was  perhaps 


-M 


\/ 


'•JCi 


'  fnix 


.— FraattI  lad  palMalMpecu  of  ■  jraaiiE  cnmimtif  Mrtillt^tfyt  iiitrkf/i:  (nm 

Oaf.     Ovi*g  M  (■■Hiifttj  iha  iwlMal  TtHgu  v*  Imprrfwily  il»ilr>ra><!.     ii,  0<- 

J,  raMccifml,  c,  Pukul.  mm)  4.  rronnl  [(oJitmal  ihirldi;  tr.   Ila.>loaipiial;_f  > 

■id:  1^.  filial  iflfMJ  poteMOl^o-  ;  f,  Vomei;  wa.  Manila  ;  /nr,  PnrnuuHa.    Th* 

iadkcfroMBlufca  tan>E«aud  «titi  tbesiof  As.  loaa,  in  ohidikiMnftnitrMi. 

_  ossified,  although  the  wphiplastrals  united  extensively  in  the 
■iddle  line.  The  mandibular  symphysis  is  convex,  and  com- 
irdy  shorL  'I'he  skull  of  the  type  species  was  originaily 
as  C^^*K  cundctpi  ;  while  the  shells  figured  as  C.  suh' 
and  C.  amttxa  are  referable  to  this  genus. 
In  the  typical  geniu  Ckehnt  the  »ku1l  is  much  smaller  in  propor- 
to  the  shell  than  in  TAaJassix/uJys.  It  is  characlerised  by  the 
■ore  or  less  nearly  vertical  position  of  the  nares  and  0[l>itN  and  the 
width  of  the  bar  between  the  latter ;  by  the  tall  alveolar  walls  and 
llfac oral  nd|{c»  of  the  palate  and  mandibular  symphysis ;  the  long 
poygpids,  with  the  cctopter)'goid  processes  placed  soine^^hat  back- 
nnlly;  the  forward  position  of  the  posterior  narcs  ;  and  the  more 
rle»  marked  shortneKs  of  the  convex  mandibular  symphysis  (fig. 
:oi9.  b).  The  skull,  moreover,  has  no  occipital  epidermal  shield. 
Is  gcDcnlly  present  in  the  other  Torms  (fig.  loio).     In  the 


shell  the  carapace  is  either  heart-shaped,  or  pointed  ai 
(fig.  1021);  the  vacuities  are  la^  and  persistent ;  the  aM 

is  tong  and  dagger -1 
and  the  xiphiplutn 
blender  and  KpanB 
1009).  The  humeral 
little  constricted,  with  i 
nearly  on  the  axis  of 
and  the  coracoid  is 
more  slender  Ihaa  in 
swluiys ;  the  Green 
tttydai)  being  more  f  ptf 
tlvese  respects  ihi 
Hawksbill  (Sg.  1018). 
easiest  occurrence  C 
genus  appears  to  be 
Cambridge  GreensanC 
Cault,  where  C.  /atm 
very  massive  mandibltr 
what  Tcsembling  that 
H.itvk.sbill.  'Iliis  fom 
[joissibly  be  identicaJ  % 
Beiiiltdi  of  the  Oal 
toai),  which  is  onljrde 
known  by  vcrj"  young 
and  has  been  made  the  type  of  the  genus  Cimoliockelys. 
topmast  Cretaceous  of  Maastricht  the  gigantic  C  ftoffmdi 
pear«  to  be  allied  to  6*.  imbricala,  but  has  a  shorter  and 
palate  and  mandibular  syniphpis,  a  more  deeply  emarginate  1 
and  the  co^tal  bones  extremely  short.  From  the  latter  <i*ery  1 
iscd  character  Dr  Baur  regards  this  species  as  entitled  to  . 
distinction,  and  has  proposed  the  name  of  AlhpUurvn.  An  1 
large,  and  perhaps  closely  allied  turtle  occurs  in  the  English 
In  the  higher  Miocene  of  Bordeaux  C  ^rondka  appears  t 
funn  closely  allied  to  existing  types. 

Sbctio!*  4.  TmowvcHoiDFJi. — The  last  section  of  the  « 
includes  the  mud-turtles  or  soft-tortoises,  of  the  freshwater*  c 
Africa,  and  North  America ;  all  of  which  are  of  aquatic  ai 
nivorous  habits.  These  forms,  which  may  probably  be  r< 
as  extremely  specialised  types,  present  the  following  dist 
features.  The  shell  is  sculptured  and  devoid  of  epidermal  1 
its  enioplastra!  being  in  the  form  of  a  chevron,  which  divi 
epiplastral  from  the  h)'oplastTal ;  and  the  marginals,  if  | 
forming  only  an  incomplete  scries  at  the  pasterior  extrcmtt) 
carapace,  and  having  no  cotmection  with  the  ribs.     The  lo 


I  tin|ri>hCh>lli.     IUi)uoc<l.    (Aflcr  Omii.) 
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zhnc  have  no  distinct  iranini-crsc  processes,  and  tlie  eig)ith 
with  the  first  doisal  Milely  by  ihe  xy^ppophyses,  thus 
log  die  most  remarkably  complete  hinge-joint  among  the  whole 
ipVenebracn.  The  Toiirth  digit  in  each  limb  is  chanicicnscd  by 
||f  not  less  than  four  phaLingeals.  The  form  of  the  tympanic 
|i|D(the  qtudratf,  mid  the  tebtions  of  the  latter  to  the  mandible, 
lllfaesunc  type  as  in  Ihe  Cr)-ptodira ;  and  wc  find  a  similar 
pee  of  anion  bct»'een  the  pelvis  and  the  plastron.  In  the 
pOB  (%.  loax)  the  chief  distinctive  features  arc  to  be  found  in 

Eie ;  ihu*  the  broad  pterygoids  are  -ieparated  from  one  another 
ixubpbenoid,  which  extends  forxi'ards  to  join  the  jKilntinest ; 
B.  airing  to  the  small  *iie  of  the  vomer,  uniting  exten^ively 
Ik  middle  line  ;  and  the  whole  structure  of  the  palate  being  of  a 
■Boditan  type.  Ajs  minor  character  of  the  skull,  attention  may 
ttRctcd  to  the  open  temporal  fossae,  and  tlie  forward  po&ition 
direction  of  the  small  orbits,  as  well  as  to  the  extreme 
it  of  the  backward  processes  of  the  supraoccipiCal  and 
The  sacral  and  caudal  ribs  articulate  only  with  the 
i  of  the  vertebrae,  and  there  arc  no  chevrons.  The  plastron  is 
I  etuirely  »iCpnratc  from  die  carapace,  and  has  a  large  median 
'  and  digitate  extremities,  as  in  the  marine  Chiionida.  Kur- 
[the  head  and  ttcclc  are  retracted  within  the  carapace  after  the 
manner,  but,  owing;  to  the  peculiar  structure  of  Ihe 
I  cervical  vertebra,  in  a  still  more  complete  way.  hi  all  casett 
tetior  lateral  surfaces  of  the  neural  bones  of  the  carapace  are 
I  iihoner  than  the  anterior. 
I  marked  resemblance  of  the  palate  and  the  general  aspect  of 
[Trionychoid  skull  to  that  of  existing  Pleurodira  ii>  a  circum- 
thii  does  not  admit  of  a  ready  explanation  from  a  phylo- 
poinl  of  view,  unless  we  adopt  the  somewhat  improbable 
an  that  the  Pleurodira  gave  origin  to  the  Trionychoidea  at  a 
:  when  their  pterygoids  bad  attained  their  full  width,  but  while 
Etympanic  ring  was  still  partially  open. 

Fawly  TwoHvaiiae. — The  whole  of  the  members  of  this  sec- 
I  may  be  included  in  a  single  family,  which  is  however,  suscep- 
of  division  into  two  subfamilies.  In  the  first,  or  Emydina, 
(opiithotic  of  the  skull  unites  with  the  pterygoid  10  divide  the 
nor  aperture  of  the  auditory  labyrinth  into  two  foramina  ;  the 
-and  hj-popta-stral  of  cither  side  arc  fused  togtjther;  the  sciilp- 
tse  of  the  carapace  is  tubercubted  ;  and  marginals  may  be  present. 
Tbe  existing  Orienut  genus  EmyJa,  in  which  marginals  and  a  com- 
plete tenes  of  neurals  are  present,  i.t  represented  by  numerous  species 
in  the  Pliocene  Siwaliks  of  India,  some  of  which  attained  very  large 
dimensions.  The  African  genera  CyclanorMf  and  Cyclodtrma,  in 
which  nurgituU  were  not  developed,  are  at  present  unknown  in  a 
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fossil  state.      In  llie  second  subfamily,  or  TrioHychina, 
hypoplastmis  remain  distinct  throughout  life ;  the 
not  join  the  opisthotic  lichind  the  lab>Tinlh  ;  the  sculpcu 
consists  of  sinuous  ridges  or  pits ;  and  Di.irginal   bones    _ 
developed  in  the  carapace.     'I'hc  type  genus  Trionyx  is  wid 

tributed  at  the  prei^ent  di 
extends  downwards  into  tbe 
Kocene  of  both  Europe  t 
United  States,  and  is  aba 
settled  in  the  Upper  Cietao 
the  latter  area.  Manj'spM 
remarkable  fur  showing  dta 
types  of  skull,  which  ia  otM 
Acatton  has  a  broad  pabte  ■ 
for  crushing,  while  in  the  i 
palate  is  vcty  narrow, 
species,  in  which  the  iki 
subject  to  ihi.s  variAtic 
short  neural  hones 
cosials  :  while  in  the 
vAw  forms  there  are  but 
of  coslals.  All  the  Eurc 
forms  agree  with  the  map 
species  in  having  only  otu 
neural  bone  between  tbe  & 
tals.  In  Europe  this  genus  a 
to  be  unknown  above  tfc 
Miocene  of  (Eningen,  audi 


Jjrt 


r 


of  Tnmic  ramttlifMi ;  ftoni  Che  P Icj.iio- 
can*  ti!  IndiL  KiduMd.  m/,  Snpnocci' 
Diial;  fur,  rmrittat:  fit^,  PwtrnHilal  ;^, 
Vriviiial ;  /•■/,  Fnlimttal  +  nnal :  mr. 
MuilU  i  /■,  Jueal:  fi/i  Qiuiltai cjunl ; 
.on  ullier  «ioe of 


or.  Orliil,     Till 


nr.Orli.i,     me  orocwiM  on  ulher  «i<)e  of      i'Jtut-wiv  «i    <.^iiiii| 

:l:::^SSS;±Tr,ir;fy'^'IK:''c'pt^    ^remely    abundant    .n 

lh«eic,  oT  which  ih*  innri  boMir  •riicululei      EoCCnC  (LoWCr  OllVOCenc) 
lln  lafitMixipiial  1  tJieinlilly  to  ihe  ,,        ~.  .     .         ,     .. 

'  it th(  proaii:.  well.      The  cxistinjj  Indian  i 

occur  in  the  Pleistocene  aoi 
cene  of  that  country.  Of  the  American  Teriiar)-  species  A 
some  have  eight  costaU,  and  in  some  cases  only  six  neural^ 
Lower  Eocene  and  Upjwr  Cretaceous  forms  described  by  Pn 
Cope  as  Plastcmenus  may  be  included  in  the  type  genus,  sir 
thickening  of  the  plastron  can  scarcely  be  regarded  as  a  | 
character.  'I'be  same  remark  applies  to  the  Eocene  Axtslut, 
United  Statc.<>,  in  which  the  plaiitron  is  smooth,  as  in  some  c 
forms.  An  apparendy  di.stinct  type,  in  which  the  outer  mar 
the  costals  is  deeply  grooved,  occurs,  however,  in  the  E 
Upper  Bocene,  which  has  been  named  Autaa>tMefyt.  Final 
exclusively  Oriental  genus  Chitra  is  represented  in  the  PI 
and  Pleistocene  of  India  by  roinains  of  the  one  existing  spec 
member  oi 
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lYOPTBRyGIA,  PROTEROSAUIU.V,  RllVNCHOCEPHALIA, 
AKO  SqI'-VMATA. 


MC  Branch. —  According  to  the  orrangetnent  pro- 
by  I>r  Baur,  ihis  branch  is  t.ik<;i)  la  include  the  four  orders 
in  the  heading  of  this  chapter.  These  order:^  pr<^cnt  a 
instance*  or  the  divergent  vicwrs  obtaining  among  difltTcnt 
as  to  the  classiiication  of  R«ptil«.  Thus  Professor  Cope 
to  place  the  Ichthyopterj-gia  in  a  group  l>y  themselves, 
be  reg-irda  as  of  equal  value  to  another  containing  all  the 
white  Profeswr  Scclcy  at  one  time  regarded  this  order 
ion  of  the  Dinosauria.  although  its  relationship  to  the 
been  long  before  pointed  out  by  Sir  K.  Owen.  Pro- 
has  also  proposed  to  separate  the  Squamnu  from  all 
Reptiles  under  the  name  of  Cccnosauria,  and  lo  include  the 
dtoeephalia  in  a  second  division  as  Palseo^tiria.  Prorcssor 
hile  not  going  so  far  as  this,  places  the  RhynchiKcplialia  in 
nqMosaurian  branch  ;  while  Professor  Huxley  would  include 
bat  group  and  the  Protcro^una  in  the  Squamata  ( I  ^iccrtilia), 
hich  the  Ophidia  are  eicludcd,  Ur  Baur,  again,  merges  the 
sauna  in  the  Khynchoccphalia,  and  regards  the  latter  as  a 
I  order  allied  to  the  Squamata.  'I'his  middle  course  is  fol- 
io the  present  work,  altliough  the  Proleio&aurio,  in  accordance 
views  of  Professor  Seeley,  .ire  provisional ij  allowed  lo  ranlt 
Ordci. 

present  branch  may  be  collectively  characterised  -a*  followa  : 
eniition  is  very  gently  either  acrodont  or  pleurodonl,  with 
eth  of  the  adult  aiKhylosed  to  the  jaws ;  but  the  leeih  may 
planted  in  a  gTOO^'c,  and  remain  free.  In  addition  to  their 
in  the  jaws,  (ccth  may  also  he  developed  on  the  palatine 
;oid»  and  very  rarely  on  the  vomer.     There  is  very  fre- 


U20  CLASS  REPTIUA. 

quently  a  parietal  foramen  ;  the  superior  tempoial  arcade  is  | 
^ly  present,  but  in  the  more  specialised  foims  the  inferior  ii 
wanting.  The  quadrate  may  be  either  movably  or 
attached  by  its  proximal  extremity  to  the  cranium ;  a  < 
very  generally  present ;  and  the  ramus  of  the  mandible 
a  lateral  vacuity.  The  precoracoid  appears  to  be  fused  wiflit 
coracoid,  and  may  be  represented  by  a  precoracoidal  procea  f 
1040),  or  its  position  indicated  merely  by  a  fontanelle,  while  ia  I 
IchthyopCerygia  even  the  latter  is  wanting.  A  T-shaped  int 
and  clavicles  are  present  in  all  the  earlier  and  a  large  proportioaj 
the  later  forms.  Usually  all,  or  nearly  all,  of  the  dorsal  ribs  i 
late  by  single  heads ;  the  dorsal  vertebrae  either  have  short  or  1 
mental  transverse  processes,  which  are  never  placed  entirely  00 1 
arch,  or  (Ichthyopterygia)  a  pair  of  facets  on  the  centrum;!^ 
with  one  exception,  there  are  not  more  than  two  vertebne  in  4 
sacrum.  Abdominal  ribs  are  present  in  the  earlier,  but  are  l(nt| 
most  of  the  later  forms.  The  humerus  frequently  has  an  ectepie^ 
dylar  foramen.  The  number  of  phalangeals  in  the  digits  of  peril 
dactylate  land  forms  is  generally  2,  3,  4,  5,  3,  in  the  manns^  ■ 

2.  3.  4.  5.  4  in  the  pes. 

In  no  case  are  secondary  posterior  nares  formed  by  the  devda 
ment  of  plates  from  the  bones  of  the  palate  to  floor  the  nn( 
passage;  the  posterior  nares  consequently  always  forming  moK I 
less  slit-like  horizontal  apertures  in  the  roof  of  the  mouth.  Ndthi 
is  the  posterior  extremity  of  the  palate  ever  completely  closed  h, 
the  junction  of  the  pterygoids  with  the  basisphenoid,  after  tti 
fashion  obtaining  in  the  Chelonia  (fig.  1017  6is)  and  some  Sum 
pterygia ;  there  being  always  a  vacuity  between  the  hinder  atim 
ittes  of  the  pterygoids  which  displays  the  presphenoidal  rostrum. 

Order  IV.  Ichthvoptervgia, — The  Mesozoic  Ichthyosauis od 
their  allies  were  large  marine  Reptiles,  with  the  body  long,  *i>d 
shaped  somewhat  like  that  of  the  Cetacea  (fig.    1023),  witbcil 


Kig.  loaj. — Gieaily  reduced  rctoraiion  of  ih«  ^keleion  of  /cilAjraanrmt  ermmtmiil  frg«  il 
Lower  Liu  of  DorseLshirc.     lite  pelvic  limb  is  nlaiively  too  luge.    (Afm-  Ovco.) 

either  dermal  or  epidermal  skeleton  ;  the  limbs  being  modified  ini 
paddles,  in  which  the  component  bones  were  in  apposition  on  i 
sides,  and  the  phalangeals  were  oval  or  polygonal,  and  increasi 
beyond  the  normal  number.  The  skull  (fig.  1034)  has  the  Eac 
region  produced  into  a  long  rostrum,  mainly  formed  by  the  p 
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in  the  upper  jaw  ;  and  the  naies  are  consequently  approxi- 
to  ihe  orbit,  which  is  of  veT>'  large  size,  and  has  a  ring  of 
in  [he  sclerotic  ;  thert:  in  a  targe  parietal  foramen  ;  and 
two  tnoponU  arcades  connected  lORcihcr  by  ihc  supra- 
il    <  i>rosquainuul   or  supniquadrate),   which  roofs  over  the 
rai  fossa,  after  the  Labynnthodont  fashion.     Other  char- 


^~lt*4atad  bit  lu«ml  view  ct  tb*  Uiud  of  //Afiwwawiu  infoMnAiii;   from  Ihg 
I  ml  tXniabin.     tmt,  Pnnuuilto:  J/^.  MaxiUa-,  .V,  K*ra>i  £«.  Lachiroul; 
M>ll  Fr,  tt^itl:  Pa,  Partvul;  Pi.  Ptxlfmul :   SI.  Supnitnivrvl ;  Xf.  S<tw)- 
(er,  Quit>a((i«K>l  i  C'-^wdnxi  ?■.  Jusal ;  Pl.O,  |-oiioibiMl.    <A/t«r  llwhr-} 

features  of  the  skull  arc  ihc  small  fronlals  ;  the  presence 
I  oputhutic  in  the  occipital  region  ;  the  di.'«tinctnes«  of  the  post- 
frotn  the  |x»trrotilal,  and  of  the  lachrj-mal  from  the  pre- 
;  ihe  firm  ^sture  of  the  quadrate,  which  dots  not,  howe^w, 
By  unite  with  the  plcrygoid ;  and  the  presence  of  a  foramen 
;  the  middle  puniori  of  the  {|uadratojugal  from  that  bone,  as 


Pm.  ■•«.— Tb*  otncrnm  tl  an  tattnai  .I'li— I  kcnel.ra  at  liklijr*H-rvi,  vipwol  in  t«ii«n. 
Ml«BilBaMwigriuHllcAUici>ln*»e(t>;  from  i)w  Kiaicrldi*  CUy  orwilitbin.  R*diHt>l. 
jtoOnt.) 

Iw  casting  Rhj-nchocephalian  genus  ^hmod^H,  and  the  presence 
rr  cotiuneOa,  or  epipterygoid.  'Hie  palate  has  essentially  the  same 
Enctiue  as  in  the  last-named  genu«.  \i  in  the  Squamata,  there  U 
D  lateral  vacuity  in  the  mandibular  rami.  The  teeth  are  confined  to 
le  jaws,  and  are  implanted  in  a  continuous  groove,  nithout  nnchy- 
ta  the  bone.    Their  crowns  arc  sharply  pointed,  and  ore  usually 


1 122 


CLASS  REPTILIA. 


cylindrical  and  deeply  fluted  (fig.  1032),  but  are  occasioniOj^ 
pressed,  carinated,  and  smooth  (fig,  1028).     The  Tertebial 
is  primarily  divisible  only  into  a  precaudal  and  a  caudal 
there  being  no  sacrum.     The  centra  (fig.  1025)  are  ami 
more  or  less  disk-like,  and  either  deeply  cupped  or  nearly  flat 
either  side  those  of  the  precaudal  series  (fig.  1025)  carry  a ; 
tubercles  for  the  articulation  of  the  double-headed  ribs;  while  ■ 
caudal  region  these  tubercles  coalesce.    Superiorly  each  centnmii 
pair  of  flattened  surfaces  for  the  attachment  of  the  neural 
which  are  united  merely  by  synchondrosis.     In  the  cervical 
the  tubercles  for  the  ribs  are  placed  near  the  summit  of  the 
surfaces  of  the  centra,  and  they  gradually  descend  on  the  ( 
till  they  reach  the  base  of  the  lateral  surface  in  the  posterior  | 
caudal  and  caudal  regions.    In  some  forms  the  upper  costal  tnb 
of  the  anterior  vertebrae  is  placed  either  partly  or  entirely  on  I 
neural  arch,  and  it  is  convenient  to  term  such  vertebne,  or 
homologues,  cervicals,  and  the  remainder  of  the  precaudal 
dorsals.     The  centrum  of  the  atlas  vertebra  is  well  developed,  4 


Fig.  io>6.— A,  Ventral  atpcct  ot  (he  pcctonl  Eirdle  and  riaht  limb  of  /Mkfnmiinii  M 
Btcdiw.  n,  Pelvic  glrdte  of  do.  Redund.  s,  InierclnvicTc ;  i,  Cbvicle ;  c.  Scapnk; 
Coracoid :  t,  Humcni*;  /,  Ulna;  £,  Hadiui  1  H,  Iliuni  i  u,  Iichium  ;  /,  Pubii.  (Jli 
Htuley-} 


there  is  a  large  intercentum  between  the  atlas  and  the  skull,  ai 
another  between  the  former  and  the  axis.  There  was  no  stemur 
but  a  complex  system  of  abdominal  ribs  was  developed.  T 
dorsal  ribs  were  devoid  of  uncinate  processes ;  and  ribs  occur 
the  caudal  region.  In  the  pectoral  girdle  (fig.  1026,  a)  there 
no  precoracoid ;  but  clavicles  and  a  T-shaped  interclavicle,  like  i 
corresponding  bones  of  the  Lacertilia,  were  developed.  The  co 
coids  were  large  and  expanded,  devoid  of  any  fontanelle,  and  i 
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:  anothur  at  their  junction.     The  tlircc  bones  of  the 

Ifi.'    1026,  b)  arc  weak  and  rod-tike;  the  ilia  have  no  coii- 

'  h  ihe  sacral  r^ion  of  the  I'enebral  column  ;  and  although 

and   ischium  of  opposite  sides  meet  m  the  middle  line, 

ihe  same  side  do  not  unite  to  enclose  the  obtmaior  notch, 

cms   and  femur  arc  relatively  Khort ;  but  the  radius  and 

:itill    vliuTter,  and  niay  be  reduced   to  ohiong  bones  in 

the  transvcrM:  diamctct  15  the  longer. 

has  no  foramen.     The  slruc- 

tbc  paddles  will  be  noticed  under 

of  the  different  genera  ;  but  it  may 

that  when  there  is  a  difTcrcncc 

sue  of  the  limbs  it  is  the  peciorai 

the   larger,      from  Ihe  less  special- 

ure  of  the  limlw  of  ihe  earlier 

Di  Baur  regards  the  Ichthyopterygia 

iants  of  l:{nd  animals ;  a  conclu- 

F«hich  is  suT>|>oned  by  the  argument 

[had  ihcic  Rcpdles  originated  directly 

Fishes,  as  was  formerly  supposed   to 

:  cue,  ^cy  would  have  retained  ihcir 

In  regarding   this  order  ns  elofiely 

to  Sf^atodoK,   ])r   Baur  lays  strcs.s 

the   general  similarity  in  the  cranial 

ar>d   especially  the   presence  of 

foramen    between    the  qiindrnte  tmd 

ajagal  ;    the  identical   structure  of 

idxluminal  ribs;  and  the   remarkable 

of  the  pectoral  girdle,  which,  this 

remarks,  is  only  comparable  to  that 

[tbecKi&tiitggcnuA,  especially  when  young. 

Ilbe  dcuU  and  vertebral  column  the  Ich- 

))gia  retain  evidencva  of  their  Laby- 

it  descent,  which  are  lost  in  the 

'  orders  of  this  branch. 

hi&  order  is  known  to  range  with  cer- 

from  th«  L'Kwr  Trias  to  the  Upper 

It  was  also  widely  distributed  tu  space  ;  its  remains  having 
discovered  in  the  Arcric  regions,  in  Europe,  India,  Coram, 
jTonh  America,  the  cast  coast  of  Africa,  .Australia,  and  New 
^buid.  Part  of  a  jaw  referred  to  Ichthyosaurus  has  been  de- 
Pnbed  from  Malta,  which,  it  has  t)ccn  suggested,  may  be  of 
UJoocfK!  age,  but  this  requires  confinnation. 

It  nay  be  teinarked  that  the  humerus  and  femur  of  this  order 
Ite  quite  unique  in  that,  instead  of  having  convex  condyles  for  the 


dmw,  and  iluiil    iipicD  of 

tamu :    fr^in  iho   KimtridKO 
day.    One-ihinf  mtinral  *itt. 

oti    r<rt    ndiui ;    ■.    Do.    for 
ulna. 
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articulation  of  the  epipodial  bones,  they  present  distinct  i 
(fig.  1026  *k)  for  their  reception. 

Family  Ichthyosauri d*. — Although  Dr  Baur  makes  the  | 
Mixosaurus,   Ichthyosaurus^  and    Optkalmosaurus   the  types 
many  families,  yet   it  seems  on  the  whole   more  com 
include  all  the  known  forms  in  a  single  family.     The  most 
ised  group  with  which  we  are  at  present  acquainted  is  the 
Mixosaurus,  from  the  Upper  Trias  of  Italy,  which  is  founded  I 
a  small  species  presenting  the  following  characters.     The  1 
and  femur  articulate  distally  with  two  bones;  and  the  ndimi 
ulna  are  elongated,  and  separated  from  one  amither  by  an  ii 
throughout  their  entire  length.     The  teeth  are  mull,  and  xAK 
cessively  numerous.     It  may  eventually  prove  that  all  the 

forms  are  referable  to  Aii  genn.  The 
genus  Ichthyosaurus  is  charactoiaed  by  the  1 
presence  of  teeth  throughout  ttw  jam;  andl 
the  normal  articulation  ^  tht  hmiemi  widi  1 
the  short  radius  and  ulna,  iriudi  ace  in  cIcmc  i 
position  (fig.  1027).  In  die  pebic  limb 
femur  similarly  articulatei  onlj  with  the 
and  fibula  at  its  distal  extremis ;  and  thus 
extremity  in  both  the  humenu  and  famir  bu  < 
two  articuUr  facets  (fig.  ios6  i£r).  The 
which  articulates  inferiorly  ividi  tibe  radius 
ulna  at  their  junction  is  the  intennedium  (fi^'i 
1027,/);  while  the  one  6Uing  tq>  the  angle bfr 
tween  the  latter  and  the  nulius  is  the  radiile; 
the  opposite  angle  being  occupied  by  the  ulnm 
Below  the  intermedium  we  have  the  cenud^ 
which  in  the  more  specialised  forms  may  be 
double  (fig.  1031),  and  below  this  the  renuis- 
ing  carpals,  metacarpals,  and  phalangeals,  wfaiti 
are  combined  to  form  a  pavement-like  structiR. 
The  bones  forming  the  continuation  of  the  line 
of  the  intermedium  in  fig.  1027  correspond  Id 
the  middle  or  third  digit  of  the  tj-pical  manu; 
and  the  structure  of  this  limb  indicates  that  it 
was  derived  from  a  four-fingered  ancestor,  since  the  poUex,  or  fint 
digit,  is  not  represented. 


oOoO 
00 

Fi([.  1037.  —  DorMll 
aspcti  of  Ihe  left  pec- 
toral limb  of  IrhlkfB- 
saunts  latifrottx;  from 
The  Ij>wer  Lia'i-  ke» 
dui:ed.  A,  Humerus; 
r»  K.idiu«;  u,.  Ulna:  r, 
In  termed  mm.  (After 
0»in.) 


Specimens  have  been  obtained  from  the  Lias  of  Wiirtemberg  and 
Barrow-on-Soar,  in  Leiccsiershirc,  which  show  the  contour  of  the  in- 
teK'uncnts  of  the  padrflcs.  It  appears  from  these  thai  on  the  anterior 
border  of  the  paddle  (fig.  \oT]  bh)  there  was  a  comparali vely  narrow 
band  of  integument,  which  was  covered  by  minute  homy  scales  ;  while 
on  the  posterior  border  there  was  a  much  broader  flap,  which  appears 
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incd  parallel  bands  of  muscles  set  obliftucly  to  the  axii  of 
In  the  Latipinnalc  group  (fig.  1037  ft«)  the  posterior  flap 
mcnt  was  narrow  in  proportion  10  llie  bony  fratncHork  of  ihc 
ad  it  was  piodoced  infrriorly  into  a  loti);  poini  below  the  distal 
n  the  Lon^pinriAie  group,  however,  the  imegiiinciit*  were  much 
pniportkin  to  the  bime^  and  Chey  tenninniccl  inrcrioily  in  a 
tremit)',  «luch  only   reached  a  short  diftt;ince  beloiv  tlie  distal 

inttr  lomu  attained  a  length  of  from  thirty  10  forty  feet :  and  it 

'it  pnrfable  that  the  extremiiy  of  the  lAil  was  provided  with  ;i 

WW  fin.    AH  the  species  wrre  riirniiomus;  iind,  a»  wc  learn 


Ui—ttn  td  tlu  kft  pcCMas)  limb  uf  tiAlkyruanu  iifirmt^in,  viimd  fram 
f^sa,  ml  •txiwinc  I'm  contour  sf  Iht  inr*f(irnfni.     Orx'hall  naninil  *ln.     Am,  Kn- 
^  Trii —  !  f^  Ubu  ;  P,  RfediaU ;  «,  lni«tiTi«diuin  ,  ■',  Vliara ;  «,  e',  C*nii^(>a'     From 
Ltai  it  Bain*  «n-Saai. 

:  K»-<»tlr(l  coproliies,  their  food  cnrtsisted  to  a  considerable  ex- 
Aancnd  Tiahe^.  These  coproliics  funhcr  tell  us  that  the  inicstiiic 
Tided  with  a  spiial  valve,  as  in  the  Selachian  lishes,  E'crliaps, 
,the  most  remarkable  circumsiancc  connected  with  their  internal 
By  is  the  not  unfrcqucnC  occurrence  of  eniitc  skelciont  of  small 
kiab  within  the  ihoraeic  and  alMdoininal  Ciivily  of  Iiir^er  ones: 
null  specimens  being  invariably  uninjured,  and  bclnnt;ii)g  to  the 
peon  a&  the  one  in  which  they  arc  contained.  This  lends  Pro- 
Seeley  to  conclude  that  some  stkccics  or  individuals  were  vivi- 
,  and  that  ttic  young  were  probably  produced  of  different  relative 
different  species.  There  n  also  evidence  to  show  iliai  in  some 
any  yoon){  were  produced  at  a  birth ;  the  number  being  perhaps 
^.c  character.  It  cannot,  however,  be  taken  as  proved  that  all 
iir»  wcic  viviparous,  since  in  such  oihcr  Sauropsida  nntl  Ich- 
in  which  the  same  mode  of  development  occurs,  it  is  not  dls- 
lany entire  group;  and  it  is  n otc wort ny  thai  the  three  specimens 
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with  young  ligurcd  by  Praressor  Seelcy  all  belong  to  a  ^ng 
This  gems  may  be  divided  imo  iwo  groups  from  the  struoi 
pectoral  limb.  In  the  !j>neipintii»tt,  or  Ica&t  spccLili&cd  rtoui 
onknott-n  ^bovc  iho  Lias,  the  orbit  is  generally  nf  vcrj'  large  di 
The  pectoral  limb  (fig.  1027)  ii  ctinniLienhed  by  having  the  I 
or  thnt  nnKinu  from  the  in  termed  rum,  coiiiprisinv  nwj  a  M 
tu(lin»l  row  of  bones,  and  consequently  having  only  one  cenin 
there  are  usunlly  only  four  longiiudinal  rows  of  phalnn)[cah  in 
and  the  radius  is  nearly  square,  with  a  distinct  notch  in  il 
border  (%.  los/ii  This  group  may  be  further  subdivided  ii 
groups.     One  of  the  moftt  aberrnni  fiirms  it  ihc  hu^  f.ffatyoi 

Lower  Lias,  uhich  attaittci 
(ti  nearly  ff»rty  feeL     This 
characterised  fey  the  pelvi( 
bcinj,'  nearly  as  larjie  aa  ibtt 
but  still  tncirc  readily  by 
(fig.  102S),  which  have  cai 
carinatcd,  and  smooth  cm 
the  roots  covered  Hiih  a  4 
cement.     /.  loHcMtfliioH  is 
Low^r  Liassic  form  with  ( 
and  fluted  teeth.     Anothf 
indicated    by    /.  I^nuirritr 
lifi/rs>ns  {l^tngimtrrii),  in  ■ 
cninial  rostrum  (fig.  1029)1 
oloiiijatcd    and    very    sknd 
paddles  (fig.   1027)  are  n 
ibr  Ihc  large  size  of  the  Oi 
bones  ;  and  in  /.  ttnttirpitiik 
a  small  circular  vacuity  b«i 
radiu*  and  ulna,  indicatti^ 
remiuint  of  the  large  ^aa 
in  Mixwanrut.     Lastly,  A 
„        .    ,        I     J      ti     .  _   f      /tV,  J,  tttlatnti£uj,  and  , 
iDaOidr  JckihwiaumfiaiifiiM:  rnini  iiic    afc  tnrce  Upper  Uassic  rai 
U-<r  LIm  or Iw-tAlf..  this  group  indicating  a  ira 

ihc  next  group ;    the   radi 
latter  species  having  no  anterior  notch.    The  akull  of  /.  MttA 
shown  in  %.  lojo. 
In  the  more  specialist^  nr  LalipiamiU  group,  which  imnsei 


nm^tvm*- 


Fi(.  nog.— Left  bUnJ  lirr  of  ib«  (kull  of /<*ri^rn*>mu /«y(fW«u ;  bvaihi  1 


Lia»  10  the  Chalk,  the  orbil  is  usually  relatively  smaller  than  (| 

iiroup.    The  peanral  limb  (fig.  1031 J  has  the  third  digit,  or  tli 
rom  the  iniemiedJum,  with  a  double  longitudinal  row  of  txines, 
arc  consequently  two  ccniralia.    There  arc,  moreover,  never 
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tdin^t  ro»-*or  p)uilanK«nls  in  thi»  limb  (ihc  itiarginAl  roiv-sarc 
tig.  1031};  lUid  the  radius  is  Iranstcracly  cloitK-iitrtl  (.ind  thus 
ly  rcmo«'cd  bvai  the  nonnal  t}pc)  with  an  entire  •inCcrior 
t  t»  imponani  to  obscnc  that  m  this  group  the  spliitinu  of 
di^it  And  the  two  ccntnlui  ntc  evidently  acquired,  and  not 
characters.  Like  the  Utit  this  xroup  may  be  divided  inio 
b  In  the  i^-pical  »ubsroup,  which  n  ciinhned  in  ihc  Lias, 
■'.fig.  1033}  nave  their  roots  sdongly  Huivd,  and  ihe  dorsal 
the  hamcnis  has  no  sirongly-marited  trochanteric  ndcc.     /. 


Pit 


Si 


'f  is   the  species  least  widdjr  removMl  from  the  preceding' 

hiie  the  typical  /.  communis  is  distinguished  by  ihc  cxirmio 

(he  paddmk     In  a  tccond  tu>>grtiu|i,  which  ranges  fmm  the 

lay  to  the  Chalk,  the  roots  of  the  teeth  arc  invented  with  a 

*?  of  cement :  the  dorsal  aspect  of  the  humenis  has  a  pro- 

TDcbanicric  ridge :  a.nd  the  coracoid  dUTcrs  from  ihal  of  the 

^  tobgrtnip  (fig.  1016;  by  the  alisence  of  a  posterior  notch.    This 

I  cuoipnses  /  trfgottus,  :ind  probably  other  allied  fnrms  from 

td  and   Kimeridge  Clay* :  and  also  the  wctl-known  /.  mmpylo- 

I  the  Upper  Cretaceous  of  a  large  portion  of  Europe,  to  which 

■^fnnn  me  corresponding  strata  of  India,  and  perhaps  also  /. 

from  the  Cretaceous  of  Australia,  are  probably  closely  allied. 

rr  is  in  some  respects  even  more  specialised  than  (he  follnw- 

A.    The  species  referred  to  this  genus  fmnn  the  I'olar  regions 

dervd  10  be  of  Triassic  age :  and  a  species  from  Ceram  may 

Cretaceous  beds.    The  genus  is  unknown  in  America. 

nost  specialised  representatives  of  the  family  are  the  genera 
mosanrus,  from  the  Oxford  and  Kitncndge  Clay  and  piol>>il>ly 
i  Cretaceous  of  England,  and  Bapianodmt  {Sauranadpn), 
K  Upper  Jurawc  of  North  America.  In  the  latter  teeth, 
|p  n  dental  groove,  were  totally  wanting,  but  in  the  fonner 
were  prc&ertt.     In  the  fortner  (and  probably  also  the 


Fin-  IL^JI' — Vfioi rAl itf pttt ol  the  rifhi  ^KVivriiJ  ll'Vtb  (waiiliTi^  i  -   j  .   :i  A 

tauiia  iKlrrmtHiut:  (rum  ihc  Lower  l.iu  of  doucUMnliit*.  Kolu.ol  f,  Kalii 
Vina:  r,  RaitUlc;  i,  ImeinieJiunti  /,  ftnart:  <i,  n,  CmiralU.  (Aftii  Ha«'>i< 
Hulk«.> 


COTlOJ 


by  Dr  fiaur  nvith  th«  radiuji,  ulna,  and  pUifoim ;  the 
ing  bones  in  the  pelvic  limb  (fig.  1034)  being  the  tibia,  fibuU 
ihc  Kotnolo^ue  of  the  pisiform.     The  clavicles  differ  from  ttv 
Ichihyoiaurui  in  bciiig  Btparate.     Both  limbs  appear  10  have 
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width,  and  the  third  digit,  cw  the  one  arising  from  the 
iiim,   at  Idst  in  ihc  American  genus, 

of  two  longitudinal  rams  at  honex. 
c  spcaes  of  O/^tha/nwsaurut  was  of 
!  sixe,  and  occurs  in  the  Oxford  nnd 
re  Qayx ;  it  is  churactoHscd  by  the 
}  m  the  size  Df  tlic  ihrte  distal  facets 
wncnu.  In  O.  iantiibrigiensis,  of  ihc 
|K  Cfeenund,  whtd)  inay  belong  to 
i'-n,  dteac  three  facets   have,  however, 

neviy  equal  in   luie ;   and   this  form 
iffcfcn  to  radicate  the  highest  evolu- 

die  ovdcr.      It    should    l>e    nitrniioned 

fessor  MsTvh  and  Mr  Kulkc  difTvr  from 

r  in    their  inieqireiaiion    of  the  three 

r  tbe  >£Corxi   segment  of  ih«  limb  of 

US ;  correlatinij   the  middle  bone  with 

raicdiutn,  and  the  posta.'nal  one  with 

i  in  the  pectoral,  and  the  fibula  in  the 

iob.     Finally,    it   should   be   observed 

bnar,  frum  the  Cambridge  (irccnsand, 

U  under  the  name  of  Cefankr^taurut, 

uUed  as  belonging  to  a  member  of  the  present  order,  but 

N  b«cn  referred  hy  Mr  Hulke  to  the  suborder  Pythono- 


uh 


•I :  rroiii  ihc  l.oym  Liu 
ofGtMicuacnIilre. 


1  aMHsJ  fin.    «.  Huafnit ;  «,  1'rocta*BMrio  rids*  of  <!«. ;  r.  Kiiliin ; 
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morpha  of  the  Squamata,  appears  to  approximate  in  Mr 
ihc  femur  nf  IihiAyosaurus  mmpyled^n,  and  may  therdi 
hflong  to  this  onler. 

Order  V.  Pbotkrosauria. — The  genua  /^rcttretaunts^ 
Middle  Permiaii  of  'I'huringia,  is  regarded  \iy  Professor 
presenting  such  peculiar  features  that  it  is  entitled  to  or 
Itneiion,  aliliough  ))r  Hnur  woiikl  include  it  in  the  Khynchi 

The  skull  is  very  i 
known,  and  aJthough 
Scelcy  has  attempted  il 
tion.  Profcivsor  Credi* 
oui  that  the  specimen! 
ju-^ttfy  the  figure.  Thci 
doubt  as  to  the  mode 
mcnt  of  the  teeili  to 
but  they  appear  to  h 
anchyloscd  to  the  bo 
(-avitics  beneath  thcra, 
not,  as  has  been 
implanted  in  distinct 
Teeth  also  occur  on 
time,  pterygoid,  and  vca 
Professor  Sceley  conadi 
the  palate  was  closed 
dorsal  vertebrae  arc 
ous,  and  have  no  ii 
hut  the  ccrvicals  appeari 
lieen  optslhocoelous, 
markahle  for  their 
were  imcrcenira  in  ifc 
cervical  region.  In  all  J 
tebrx  the  arches  were  M 
to  the  centra  ;  while  tit^ 
xAi  the  costal  aitic 
placed  unusually  hig 
posterior  caudal  rerlel 


'->  O  O   .; 
^^0    >J 


elvK 


Kic-  ]^u-~i^>r^'ki  u^T^^'  ^  ^^'  1^'^  y^^ 

limb  of  l<it*lxm*iim  hMhiu;   frea  Ihc  Upper 

Ju/fcuK   c.r    N'unh    Amcrka.     Koluml.      T, 

Tibia:  I.   l-'ihula :  f.  Iton*  ntinuntini  ih* 

tiUjfvnn  L»f  Tilt  manu«  ;  t^  TibUk ;  r  Ocf*  *i^^')t 

InivrMviltKiii :  i  (ritfhr  \iil<),  Kilnilftr* ;  /  Vn^       j-    -j    j  i         * 

ilctcirmincil  brini.     Tli>  l>rn  Hnnu  Iniviath  <h«       dl^lOed    tieUTal   SptnCS. 

Mid  Huikc  >  inal    nils    were  lully 

(fig-  »ojs),  and  were 
of  the  Rliynchoccphfllian  type.     It  has  been  suggcaled  I 
itium  may  have  had  a  prcacetabular  production;  but  the 
girdle  5cems  to   have   been    of  the  Rhynchoceplialian 
(.tavick's  nnd  inicrclavitle,  according  to  Dt  Credner, 
bling  those  of  Sp/i^aodon, 

According  to  Dr  Baur  there  are  two  centralia  in 
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*rofeK«or  Seetey  describes  a  centrale  (navicular)  in  the  Ktrsuit. 
ctoral  Umb  is  conadcrably  shorter  ihai  ihc  peh-ic  (left  uide 
1035)  ;  and  while  boih  ha%'e  five  digits  neither  presents  any 
nmcly  marked  divergence  from  the  Rhynchoccphahan  plan 

ore.  In  the  type  species  there  were  the  normal  two  sacral 
;  but  according  to  Professor  Seck-y,  P.  Linki  diflcis  from 

•  known  members  of  this  branch  in  having  three  sacrali. 
Itghly  prob^ile  that  Pny/ftvMurus  should  be  regarded  as  a 
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Fif.  ■■u.~P»rt  of  (he  tninfc  awl  peclartt  lioUt  of  Prvlfimitrut 
Sftatff Ifraaa   ite  l^miiii'i  uf  Tliuriniiij.      Reduced.     (Alter  vni 


Specialised  Rhynchocephalian.  The  imperfectly- 
known  genus  Haptodtii^  from  the  Peniiian  of 
France,  may  not  improbably  indicate  a  Reptile 
more  or  less  nearly  allied  to  ProUrosatinir, 
although  on  the  other  band  it*;  affinities  nwy  be 
with  the  Rhynchocephalian  PalaohaUeria. 

Order  VL  Rhvnchocbphalia. — Thjs  order 

is  represented  at   the  present  day  solely  by  thu 

remarkable  genus  Sphenotion  {Hatteria),  and  may 

lie    provisionally  characterised   as   follows:   The 

mal  appearance  is  usually  more  or  lcs.<i  lizard-Uke.     In  the  skuU 

quadtate  is  immovably  fixed  by  its  proximal  extremity,  and 

a  by  suture  with  the  pterygoid ;   an  inferior  temporal  arcade 

resent  (fig.   1039);   the  po»torbiial,  at   least  in    Sphenodon^  \% 

ie  di»tincl  from  the  postfronlaJ ;  the  (ulalc  is  closed  anteriorly 

the  iDedian  union  of  the  pterj'goids,  which,  in  the  living  form 

east,  extend  forwards  to  meet  the  vomere,  and  thus  separate  the 
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palatines ;  ^  and  the  premaxills:  never  united.  The  denti 
usually  acrodont.  The  ribs  may  have  uncinate  prtxresses,  i 
dominal  ribs  are  always  develof)ed.  The  vertebrae  may  be 
opisthoccelous  or  amphiccelous,  and  intercentra  may  be  letiit 

Dr  Baur  observes  that  "  the  Rhynchocephalia,  together  *: 
Proterosauria,  to  which  they  are  closely  allied,  are  certab 
most  generalised  group  of  all  Reptiles,  and  come  nearest,  ii 
respects,  to  that  order  of  Reptiles  from  which  all  others  tod 
origin." 

This  order,  if  we  include  Palaohatteria,  dates  from  the  F( 
but  only  comparatively  few  forms  are  at  present  known.  1 
be  provisionally  divided  into  three  suborders. 

Family  Pai.*:ohatteriidj«, — The  genus  Paleeohatteria, 
Permian  of  Germany,  is  regarded  by  Professor  Credner,  ite  do 
as  so  closely  allied  to  the  existing  ^henodon  that  it  is  refa 
him  to  the  same  family.  There  can,  however,  be  no  questi 
that  it  is  entitled  to  be  the  representative  of  a  distinct  (ami! 
probably  of  a  distinct  suborder,  Dr  Baur,  with  whom  Pr 
Cope  is  in  accord,  would  even  go  farther,  and  remove  this 
altogether  from  the  Rhynchocephalia,  to  place  it  with  Mta 
in  his  order  Froganosauria.  There  is,  indeed,  much  to  be 
favour  of  placing  both  these  primitive  Reptiles  in  a  single] 
but  this  appears  to  be  outweighed  by  the  resemblance  of  the 
the  true  Sauropterygians  and  of  the  other  to  the  Rhynchocepl 

The  skull  much  resembles  that  of  Sphenodon,  the  jugal  d 
posteriorly  to  join  the  two  temporal  arcades ;  but  the  supi 
infratemporal  fossae  are  much  smaller,  while  there  is  a  s< 
lachrymal,  and  the  premaxillse  do  not  form  a  beak.  Teetl 
not  only  on  the  palatines,  but  also  on  the  vomer  and  pterj-gi 
in  the  young  of  Sphenodon ;  and  Dr  Baur  suggests  that  tht 
a  parasphenoid.  There  are  intercentra  between  all  the  ve 
in  which  the  neural  arches  remain  distinct  from  the  centra 
are  also  two  sacral  vertebrae ;  and  the  ribs  have  no  uncina 
cesses.  The  teeth  of  the  jaws  were  acrodont,  and  anchyk 
the  bone.  The  pectoral  girdle  presents  an  approximation, 
form  of  the  clavicles  and  interclavicle,  to  that  of  Sphenodo 
the  expanded  proximal  extremities  of  the  clavicles  recall  the 
thoracic  plates  of  the  Lab>Tinthodonts,  and  the  coracoid  i 
like  that  of  the  Sauropterygians.  This  bone,  indeed,  like  thi 
of  the  pelvic  girdle,  ossifies  by  radiations  from  the  centre  al 
manner  obtaining  in  Sauropterygians  and  Amphibians.  The 
girdle  is  widely  different  from  that  of  Sphenodon ;  the  pub 
ischia  forming  wide  flattened  plates  like  those  of  the  Sauropt 

'  The  same  arrangement  obtains  in  the  skull  of  Nothaiourus,  repm 
fig-  991- 


and  the  ischia  being  nlmont  identical  with  those 
jfUophibU.  The  tanus  also  resembles  that  of  M/s^saums  in 
Rtc  distinct  bones  in  Ihc  distal  row;  while  the  humcius  (as 
kltcr)  ha*,  an  entepicondylar,  or  ulnar,  foramen. 
'■I*aitrokatt€ria  is  a  primitive  type  conntciing  the  taicr  Rhj-n- 
hftlik  with  the  Amphibia  there  can  be  no  reasonable  doubt ; 
bough  it  presents  many  points  of  affinity  with  M<sosaurtt$, 
escmblances  arc  those  which  we  should  expect  to  find  in  all 
Hul  tj-pcs,  and  do  not  necessarily  imply  that  all  the  Toims  in 
hey  occur  should  be  placed  in  the  same  group. 
HtDEtt  1.  Si]iLfiiK>SACxiA. — This  group  is  represented  by  the 
CiMmfiosaumf,  typically  from  the  Lower  Eocene  of  North 
iBi,  ■whith  may  \k  regarded  as  a  somewhat  specialised  Rhji)- 
halian,  showtnj^  a  remarkable  aAinity,  in  the  general  structure 
Mcull  and  vertebral  column,  to  Ilyptroda^d^n.  Dr  Hauc  ob- 
thai  this  genus  agrees  with  ihc  other  Rhynrhoccphalia  in  the 
Oodition  of  the  otic  bones,  and  in  the  nature  of  the  coatat 
Ittotu ;  and  since  ii  h,xs  a  fixed  quadrate,  two  temporal  ar- 
■nd  altdominal  ribs,  there  appears  no  good  reason  for  itx 
jaeparatioR.  The  adaptation  to  an  aquatic  life  has,  hown'cr. 
jffly  prodt]ced  considerable  structural  modifications  of  secon- 
^pon.  The  correctness  of  these  observations  has  been  re- 
)ly  shown  by  the  researches  of  M.  UoUo,  who  finds  that  the 
re  of  the  palate,  and  the  position  of  the  posterior  narcs,  and 
hcial  arrangement  of  the  teeth,  closely  accords  with  that 
^  in  Hypavda^don.  The  suborder  may  be  characterised 
hrs:  The  facial  portion  of  the  skull  is  produced  into  a  long 
b;  the  splcnial  bone  enters  into  the  mandibular  symphysis  ; 
%  and  pelvic  limb^  are  elongated  :  the  vertebne  are  amphi- 
I;  and  the  ribs  have  no  uncinate  procesites. 
ULT  Champsosaurid^.. — In  the  type  and  only  known  family 
res  are  single  and  subterminal ;  the  maxillary  and  anterior 
bular  teeth  are  large  and  not  fixed  to  the  bone :  there  is  a 
>r  tnudler  teeth  on  the  palatines  and  vomers,  seimrated  by  a 

from  those  of  the  maxilla ;  while  tlieie  is  also  an  irregular 
t  small  teeth  on  the  ptcrj'goids,  which  arc  completely  united 
middle  line ;  the  posterior  narcs  form  very  narrow  slits  on 
les  of  the  palate ;  and  there  is  no  parietal  foramen.  There 
nc  twenty-five  presacral  vertebra;,  and  the  ncuro-ccntral  suture 
istent.  Renuinii  referred  to  Champsoiaums  have  been  fotind 
liy  In  the  Lower  Eocene  of  North  America,  but  also  in  the 
fondtng  horizon  of  Relgtum  and  Rheims  ;  the  latter  s^iecimcns 

been  described  under  the  name  of  Simftcioidarus.     One  of 
ecimens  from  Rheims  indicates  an  animal  of  about  nine  feet 
but  other  examples  appear  to  have  been  of  considerably 
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palatines ;  ^  and  the  premaxillas  never  united.     The  dentitiai 
usually  acrodont.     The  ribs  may  have  uncinate  processes,  ud 
dominal  ribs  are  always  developed.     The  vertebrae  may  be 
opisthocoelous  or  amphicoelous,  and  intercentra  may  be  letaioed 

Dr  Eaur  observes  that  "  the  Rhynchocephalia,  together  with  \ 
Proterosauria,  to  which  they  are  closely  allied,  are  certaiii^i 
most  generalised  group  of  all  Keptiles,  and  come  nearest,  in  ■ 
respects,  to  that  order  of  Reptiles  from  which  all  others  took  i 
origin," 

This  order,  if  we  include  PalaehatUria,  dates  from  the  P( 
but  only  comparatively  few  forms  are  at  present  knowiL     It  i 
be  provisionally  divided  into  three  suborders. 

Family  Pai-eohatteriida:. — The  genus  PalaohatUria,  di 
Permian  of  Germany,  is  regarded  by  Professor  Credner,  its  desoS 
as  so  closely  allied  to  the  existing  Sphenodon  that  it  is  refeird 
him  to  the  same  family.  There  can,  however,  be  no  question 
that  it  is  entitled  to  be  the  representative  of  a  distinct  fomilT, 
probably  of  a  distinct  suborder.  Dr  Eaur,  with  whom  Profa 
Cope  is  in  accord,  would  even  go  farther,  and  remove  this  ge 
altogether  from  the  Rhynchocephalia,  to  place  it  with  Mesoaa 
in  his  order  Proganosauria.  There  is,  indeed,  much  to  be  said 
favour  of  placing  both  these  primitive  Reptiles  in  a  single  gw 
but  this  appears  to  be  outweighed  by  the  resemblance  of  the  one 
the  true  Sauropterygians  and  of  the  other  to  the  Rhjmchocepl 

The  skull  much  resembles  that  of  Sphenodon,  the  jugal  di' 
posteriorly  to  join  the  two  temporal  arcades ;  but  the  supia- 
infratemporal  fossEe  are  much  smaller,  while  there  is  a 
lachrymal,  and  the  premaxillse  do  not  form  a  beak.  Teeth 
not  only  on  the  palatines,  but  also  on  the  vomer  and  pterygwds* 
in  the  young  of  Sphenodon  ;  and  Dr  Baur  suggests  that  ^ere  «■ 
a  parasphenoid.  There  are  intercentra  between  all  the  vertebn 
in  which  the  neural  arches  remain  distinct  from  the  centra  \  thtJ 
are  also  two  sacra!  vertebrse ;  and  the  ribs  have  no  uncinate  pn 
cesses.  The  teeth  of  the  jaws  were  acrodont,  and  anchylosed  1 
the  bone.  7'he  pectoral  girdle  presents  an  approximation,  in  d 
form  of  the  clavicles  and  interclavicle,  to  that  of  Sphenodon;  bi 
the  expanded  proximal  extremities  of  the  clavicles  recall  the  btd 
thoracic  plates  of  the  I^byrinthodonts,  and  the  coracoid  is  ma 
like  that  of  the  Sauropterj'gians,  This  bone,  indeed,  like  the  boo 
of  the  ])elvic  girdle,  ossifies  by  radiations  from  the  centre  after  ti 
manner  obtaining  in  Sauropterygians  and  Amphibians.  The  peh 
girdle  is  widely  different  from  that  of  Sphenodon ;  the  pubes  ai 
ischia  forming  wide  flattened  plates  like  those  of  the  Sauropterygi 

'  The  same  arrangement  obtains  in  (he  skull  of  Neiieiatmts,  icpresenled 
fig.  991. 
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ixiwmnts,  and  the  ischin  being  Almost  id^ntic.^  vith  those 
Unphibia.  Tbc  tarsus  also  resembles  ihat  of  Afesosaums  in 
fe  dutinct  bones  in  tKc  disinl  row;  while  the  humerus  (as 
tier)  has  an  entepicondylar,  or  ulnar,  foramen. 
^'aiachatleria  it<  a  primitive  typeeonntciing  ihc  later  Rhyn- 
dia  with  the  Amphibia  there  can  be  no  reasonnhlc  douht ; 
ough  it  presents  many  points  of  aifinity  with  Mesosaurus, 
(cmUiUKCs  are  those  which  we  lihould  expect  :o  find  in  all 
ul  types,  and  do  not  necessarily  imply  chat  all  the  forms  in 
ey  occur  should  be  placed  in  the  snme  group. 
IDEB  I.  SlM,r.r>OSAUBlA, — Tliis  group  is  repffsenied  by  the 
hainpsoiaurmi,  typically  from  the  Lower  Eocene  of  North 
I  which  may  be  regarded  as  a  somewhat  specialised  Rh)ii- 
llian,  showing  a  remarkable  affinity,  in  the  general  structure 
uQ  and  x-ertcbral  column,  to  Jlyptrodapedon.  I)r  Raur  ob- 
At  ibia  genu-)  agrees  with  the  other  Rhynchoccphalia  in  the 
Kiition  of  the  otic  bonex,  and  in  the  nature  of  the  costal 
oru;  and  ^mce  it  ha&  a  lixcd  quadrate,  two  temi^oral  ar- 
nd  alidominal  ribs,  there  appears  no  good  reason  for  its 
•eparation.  The  adaptation  to  an  aquatic  life  has,  hovi-e\'er, 
ily  produced  contkidentble  structural  modificationx  of  &econ- 
►ort.  The  correcincss  of  these  observations  has  been  re- 
f  »hown  by  the  researches  of  M.  Dollo,  who  finds  that  the 
I  of  the  palate,  and  the  position  of  the  posterior  nares,  and 
sal  urangement  of  the  leclh,  closely  accords  with  that 
g  in  JJy/tradapedon,  The  suborder  may  be  characterised 
■s:  The  facial  ponion  of  the  skull  is  produced  into  a  long 
;  the  splcnial  lx)ne  enters  into  the  mandibular  symph>'5is ; 
and  pelvic  limbs  are  elongated ;  the  vcricbne  are  amphi* 

and  the  ribs  ha%-e  no  uncinate  processes. 
A  CHAMPSOSAVRiii.t. — -In  the  type  and  only  known  family 
IS  are  ungte  and  subterniiunl ;  the  uiaxtll.iry  and  ^interior 
llu  teeth  are  large  and  not  fixed  to  the  bone ;  there  is  a 

stnaller  terth  on  the  palatines  and  vomere,  separated  by  a 
Tom  those  of  the  maxilla ;  while  there  i.s  also  an  irregular 
small  teeth  on  the  pterygoids,  which  are  completely  united 
liddle  line ;  the  posterior  narcs  form  very  narrow  slits  on 
%  of  the  palate ;  and  there  i-i  no  parietal  foramen.  There 
t  twenty-five  preMcral  vertebrw,  and  the  neurocentra!  suture 
lent.  Remains  referred  to  Chitnifinnaurus  have  been  found 
r  in  the  Lower  Eocene  of  North  America,  but  also  in  the 
nding  horizon  of  Belgium  and  Rhciins  :  the  latter  specimens 
>ccn  described  under  the  name  of  Simtniflsaurus.  One  of 
rimcns  from  Rheims  indicates  an  animal  of  about  nine  feet 
I,  but  other  examples  appear  to  have  been  of  considerably 
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larger  dimensions.     The  Simsedosauria  may  perhaps  be 
an  ofTshoot  from  a  stock  related  to  Hyperodapedon. 

Suborder  2.  Sphenoiwntina. — This  group  is  chat 
the  short  and  more  or  less  triangular  skull,  in  which  the 
are  produced  into  a  distinct  beak ;  by  the  longitudinal 
palatine  teeth,  separated  by  a  groove  (into  which  the  hinder  1 
bular  teeth  are  received)  from  those  of  the  maxilla  (fig.  1037);  i 
by  the  presence  of  uncinate  processes  to  the  ribs. 

Family  Rhvnchosaurid*. — This  is  the  most  specialised  : 
and  as  being  most  nearly  related  to  Champsosaurus,  may  be  ; 
first.     The  nares  are  single ;  there  are  no  teeth  either  in  die  \ 
or  in  the  opposing  part  of  the  mandible,  which  were  probably  < 
in  horn ;  there  may  be  more  than  a  single  row  of  palatine 
and  the  presacral  vertebrae  may  be  more  or  less  opisthc 


Fig.  lOjS.— Lefi  lateral  view  of  ihc  okull  of  Hyttrtdaptdtn  Gtrdtmi,  as  tntorHl  by  Prd 
Huilcy ;  from  the  TrUs  of  E)|{in.     Reduced.     Or,  Orbit ;  /,  Infmein[iofal  Icwt 


The   most   specialised  genus   ffyperodapedon  was   originally  aait\ 
known  to  us  by  some  very  imperfect  specimens  from  the  Keupci^ 
or  Upper  Trias  of  Elgin  and  Warwickshire ;  but  the  subseqneot 
discovery   of  a   nearly  entire   skeleton  in   the   former   locali^  his 
enabled  Professor  Huxley  to  illustrate  its  full  affinities.     Remiilll  j 
referred  to  the  same  genus  also  occur  in  the  Maleri  stage  of  At  1 
Gondwana  system  of  Central  India.    The  European  species  attained  1 
a  length  of  from  six  to  seven  feet,  but  the  Indian  form  must  hate  ! 
been  nearly  or  quite  double  these  dimensions.     The  skull  (fig.  1036)  1 
is  remarkable  for  its  depressed  and  triangular  form,  in  which  it  ns 
sembles  that  of  the  Chelonian  family  Chelydridx  ;  and  also  for  dK 
upward  direction  of  the  small  orbits ;  the  reduced  size  of  the  infra- 
temporal fossas ;  the  strongly-cur\-ed  and  thick  premaxillary  beak ; 
the  diverging  clawlike  processes  of  the  mandibular  symphj-sis ;  and 
the  absence  of  a  parietal  foramen.     Professor  Huxley  considered  that 
the  forked  extremities  of  the  mandibular  symph}'sis  embraced  the 
premaxillary  beak,  as  is  shown  in  the  figure ;  but  later  observations 
indicate  that  they  were  received  in  a  pit  beneath  the  beak,  which  Pro- 
fessor Huxley  regarded  as  containing  the  apertures  of  the  posterior 
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he  U«cr  probably  really  fonned  very  small  slits  on  the  sides 
Btc,  as  in  Ckampsosavnis,  and  opened  l>eiwwn  the  rows  of 
and  palatine  teeth.     By  far  the  most  remarkable  feature 
tr,  to  be  found  in  the  upper  den- 
a  the  palatal  surface  of  the  pecu- 
lar  compound  bone  (lig.  1037), 
y    be   conv-enienily  termed   the 
Ila,  allhougli  anteriorly  it  prolj- 
odes  the  vomer,  and  posteriorly 
lie    pterygoid,  there  are,  on  the 
maxillary  side,   several    rows   of 
Mnujal    teeth ;     then    comes    the 
br  the  reception  of  the  edge  of 
lible.  Of)  the  inner  side  of  which 
I  two  or  more  romi  of  similar  teeth 
ilhc  palatine  and  vomer,  and  prol>- 
by  the  pter^igoid.     And  it  is  in- 
to notice  that  while  in  the  type 
le  lar;ger  number  of  rows  of  teeth 
p  the  palatine  and  vomer,  the  re- 
ndition obtains  in  the  Indim  form 
\l\.      Ici  the  type  species  there 
K>  be  no  foramen  to  the  humerus, 
j  presacral    vcncbrn   arc    slightly 

rious  ;  it  is  however,  not  improh- 
the  vertebrae  oi  the  Indian  form 
tccclous.     The  extremely  solid  structure  of  the  pnlato- 
this  part  to  be  the  moitt  frequently  preserved ;  and 
are  rery  common  in  the  Indian  Gondwana^. 

Huxlc7obsen-esthiit  ttis  very  intcreslinc  to  note  that  this 
~  atuincd  itA  urciiicst  degree  of  specialisation  as  early  as  the 
fyptrfiAiptdon    DeinK     in    all 
B   more  modified    form   than 
h  appears  therefore  to  be 
that  in  inc  Permian,  or  pcr- 
earlicT,  there  must  have  cx- 
s   diflertn^   less  from   the 
U9  than  either  Hyptn'^ui- 
'RkytKhotmtrui. 

Pi(-  toiB. — Kif  hi  JciTBml  At|>«1  of  lh< 
typical    uenUS   ftkynch^iaU-     *kMcr  kkrmtlt>,»mrM4  ^nurfi:  trgm 

the   English    Keuper,  of  (Ar«  Omn.) 
r  type  skull  is  represented 

ijS,  there  is  but  a  single  row  of  palatine  teeth  ;  the  orbit 
and  lateral;  the  infr-iicmpora]  fossa  of  considerable  size ; 
Vj  beak  loiiji  and  slender,  iu  fonn  being  not 


richt  paUitt-muiillik  of  Hsftrv- 
Mtdliculi  and  fllanronL) 
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correctly  shown  in  the  figure  of  the  type  skulL  The  wt 
scribed  species  indicates  an  animal  about  three  feet  in  I 
This  genus  serves  in  some  respects  to  connect  J/j^erodaftdn 
Sphenodon. 

Family  Sphenodontid*. — The  least  specialised  family  o 
suborder  is  solely  known   by  the  existing  New  Zealand  , 
Sphtnodon  {Hatteria),  of  which  the  cranium  is  shown  in  % 
According  to  Professor  Huxley's  definition,  this  genus  is  cbn 
ised  by  the  divided  nares ;  the  presence  of  a  single  tooth  on  ■ 

side  of  the  prema 
beak,  whicit  wh 
sheathed  in  hon 
the  single  row  o 
atine  teeth ;  vm 
amphiccelous  ver 
In  the  palate  the 
goids  unite  anti 
with  the  voDU 
exclude    the    pal 

Fig.  loig. — Riahl  lateral  view  of  the  cnuiium  of  i">**iMrf«i     r .».       __    j' 

/■•t/a/Bj,  ofNewZMland.    (After  Gdnlhet.)  "Om    the    meOiaf 

Additional  disti 
features  are  found  in  the  presence  of  intercentra  between  J 
vertebrae ;  in  the  large  size  and  the  lateral  position  of  the  < 
the  well-developed  parietal  foramen  ;  and  the  large  siae  of  the 
and  infratemporal  fossae  (fig.  1039).  The  humerus  is  rema 
as  having  both  an  entepicondylar  and  an  ectepicondylar  foran 

The  Tuataras,  as  these  lizards  are  called  by  the  Maories,  are  m 
sized  reptiles  of  extreme  rarity,  and  with  nocturnal  habits.  The  a 
border  of  the  dentary  bone  of  the  mandible  is  received  in  the 
between  the  palatine  and  maxillary  teeth,  and  in  old  individuals  b( 
as  hard  and  polished  as  the  teeth  themselves,  of  which  it  eventna 
charges  the  functions. 

Suborder  3.  Hom^osauria.  —  This  group  includes  ! 
genera  of  Mesozoic  Reptiles,  in  which  ^e  premaxillse  di 
apparently  form  a  beak,  and  the  ribs  were  devoid  of  ur 
processes.  The  dentition  is  acrodont ;  but  the  nature  1 
palatal  dentition  is  unknown.  The  vertebrae  are  amphic 
and  Dr  Baur  considers  that  intercentra  were  present. 

Family  Homa:osaurid-e, — The  type  family  is  definitely! 
from  the  Kimeridgian  Lithographic  slates  of  the  Continent, 
characterised  as  follows.  The  body  is  shaped  like  that  of  or 
Lizards ;  the  skull  is  comparatively  broad  and  short,  with  oval 
and  a  complete  postorbital  bar ;  there  are  no  tusk-like  teeth 
premaxillae  or  mandible ;  and  the  pes  is  of  normal  structure. 
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Sdgian   genera  are  HomoMaurvs,  Ardtosaurut,  and   Sapheo- 

all  of  which  are  represented  by  species  of  small  or  medium 

[The  imperfectly  known  AphtJinaurus,  from  the  Permian  of 

wa^  regarded  by  the  laic  Professor  (Icrvaus  as  allied,  but  it 

licate  a  distinct  family,  which  does  not  belong  to  this  group  ; 

of  phabngcaU  is  the  same  as  in  existing  Lieards. 
MLV   PlxUROSAURiD.«, — This  family  is  typically  represented 
<ys<ttifits,  of  the  Kimeridgian  of  Havana,  which  is  a  medium- 
characte^i^ed  by  the  extreme  elongation  of  the  body 
Ethere  are  a  great  number  of  presacral  vertebrae),  and  the 
narrow  skull,  with  blit-tike  nares.      An^isavrus  and  Aero- 
mt,  of  the  same  deposits,  belong  to  this  family;  but  it  does 
fcfifii  II    cenain  that  the}-  are  teally  distinct  from   the  type 

BuLt  Tklerpetid^  —  The  small  Tekrpcton,  of  the  Upper 
m  of  Elgin,  differs  from  the  Hemtrosaurida  by  the  presence 
ttsk-Iikc  teeth  at  the  extremities  of  boih  jaws,  and  the  reduction 
he  number  of  the  phaLnngenU  of  the  fifth  digit  of  the  pes  to 
;  in  addition  to  which  Professor  Huxley  considers  that  the  skull 
:  no  pfMtorbital  bar.  The  one  species  is  of  small  size;  and 
ongh  the  genus  agrees  with  the  HamtEcsattrxda:  in  its  acrodont 
tition,  its  scnal  position  must  be  regarded  as  provisional 
wtsHmmm,  from  the  Karoo  system  of  South  AMca,  is  not  im- 
btbly  an  allied  genus  ;  although  it  has  t)een  referred  by  Sir  R. 
en  to  the  Amphibian  t^byrinthodonts  under  the  name  of 
'rmdtosaurms. 

'ioaUy,  it  should  be  mentioned  that  Professor  Cope  includes  in 
pieseni  order  the  genera  T\ft>lhorax  and  Ailosaumsy  which  are 
\  praviuonally  placed,  on  the  authority  of  Dr  Daur,  among  the 
coiiilia. 

)>l>Eii  W\.  Sqi;amata. — With  this  order  we  come  to  the  con- 
tation  of  the  one  represented  most  numerously  at  the  present 
,  and  containing  the  true  Luaids,  the  Chama;leons,  the  extinct 
ta&aurians,  and  the  Serpents.  In  this  order  the  body  may  he 
*r  short,  with  wcll-de\'elopcd  limbs  and  distinct  tail  (tnccrti- 
a)  ;  Of  it  may  be  extremely  clnrgated,  without  any  external  trace 
liinbs.  and  posaing  gradually  into  the  tail.  As  a  rule,  the  whole 
ly  and  limbs  arc  covered  with  overlapping  homy  scales;  and 
w  nuiy  be  underlain  by  an  armour  of  bony  dermal  scutes.  The 
bs  nuy  be  adapted  cither  for  w.-ilking  on  land,  or  modified  into 
die*  for  Fwimming.  In  the  skull  the  proximal  end  of  the  qtiad- 
■  (5  more  or  less  movably  articulated ;  the  lower  temporal  arcade 
lanting  ;  the  postorbital  is  generally  fused  with  the  poslfrontal ; 
palate  is  more  or  less  open,  (he  pterygoids  being  nearly  always 
ted  by  an  iRter\-al  from  one  another ;  and  the  prcmaxillse  are 
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Pig.  1040.  —  Part  of  ihe  left 
pectonl  girdle  of  IguaMa.  i, 
Scmpula :  m.ic,  MexMopula : 
cur,  Curacoid;  f^cer,  Precora- 
coid;  m.ctr,  MESOCoraccHd  I^r, 
Foramen  ;  gl.  Glenoid  cavity. 


frequently  united.  The  vertebrse  are  generally  procoelous,  a 
rarely  amphicoelous ;  their  neurocentral  suture  is  always  oblit 
zygosphenal  articulations  may  or  may  not  be  present ;  an 
centra  are  always  wanting.  The  dorsal  ribs  never  have  a 
processes;  and  true  abdomiiuJ  r 
likewise  never  developed.  The 
has  but  a  single  centiale ;  and  t! 
coracoidal  process  (fig.  1040)  is  oA 
marked. 

Three  of  the  groups  here  r^a 
suborders  of  the  Squamata  are  fre 
ranked  as  distinct  orders,  but  their 
relations  are  so  close  that  it  app 
harmonise  better  with  the  classU 
adopted  in  other  branches  of  the  ( 
include  the  whole  of  them  in  a 
order.  The  Squamata  may  be  n 
as  occupying  a  position  among  1 
somewhat  similar  to  that  held 
Teleostei  among  Fishes,  and  the  1 
among  Birds.  That  is  to  say,  t 
essentially  typical  Reptiles,  whic 
attained  to  a  considerable  degree  of  specialisation  ;  and  wh 
have  lost,  on  the  one  hand,  all  signs  of  kinship  with  the  Amp 
they  exhibit,  on  the  other,  no  traces  of  especial  relationship  \ 
Birds.  That  this  order  has  originated  from  the  Rhynchoi 
there  seems  but  little  doubt ;  but  we  are  very  much  in  the 
to  when  or  how  the  divergence  took  place. 

Suborder  i.  Lacertilia. — In  the  true  Lizards  the  fot 
are  usually  well  developed  (fig.  1041)  but  in  some  cases  one 
pairs  are  wanting.  The  ali-  and  orbitosphenoidal  region: 
skull  are  imperfectly  ossified ;  the  superior  temporal  ar 
generally  present ;  the  quadrate  articulates  with  the  ptt 
the  nasals  form  a  part  of  the  narial  aperture ;  and  the  ram 
mandible  unite  by  suture.  The  vertebrae  are  in  some  ii 
amphicoelous ;  they  usually  have  no  zygosphenes,  and  the 
in  the  cervical  region  does  not  exceed  nine.  When  Ui 
present  the  pectoral  girdle  is  complete ;  and  the  terminal 
geals  of  the  feet  are  clawed.  Dermal  scutes  are  sometimes  ] 
and  these  may  be  developed  on  the  upper  surface  of  the  : 
as  to  roof  over  the  supratemporal  fossae.  Existing  Lis 
divided  into  twenty  families,  but  only  those  will  be  notice 
occur  in  the  fossil  state. 

We  may  commence  our  notice  with  a  few  Mesozoic  U 
which  the  family  position  is  not  yet  determined.      The 


iDER  SQUAMATA. 


(»39 


appenrs  to  be  Matellodus  (with   which   SaurHIus   is 

ilical  or  very  clascly  allied),  from  the  English  Purbeck ; 

IJKard  with  pleurodont  deniition,  dermal  scutes,  and  pro- 

tcbne.    Adriotaurui  «  a  larger  form  from  the  Ixiwcr  Grccn- 

VAtntrio,  also  having  deniul  scutes  and  proccelous  vcrtcbnc, 

vhich  the  dentition  is  unknown.     An  allied  Contincnial 

fonii  has  receix^-d  ihe  name  of  Jiydrosaurus,  which  is, 

a  synonym  of   Varanus.      In  the  Cambridge   tlrccnsand 

feci  fcinur  and  a  vertebra  indicate  a  Lizard  of  the  st^e  of 

flbe  existing  Monitors,  but  of  which  the  affinity  cannot  even 


^ 


y 


P>(.  )a)i.— Tlw  < 


tSlatUiStiiKmnfliimtldi).    RvdutwL 


utured     In  the  English  Clialk  occur  the  imperfectly  known 
savrus  and  Rafkiosaurni ;  the  former  having  expanded, 
laiia  acute  teeth. 

'  also  may  be  mentioned  several  genera  from  the  Tertiarie:i 
America,  of  which  ihe  family  position  cannot  yet  be  de- 
The  Eocene  foims  have  been  namc^  TinQsaurus  and 
It,  and  those  from  the  Miocene  Adprion,  PJatyrhachis, 
ifMaurus.  Notosaumtt  from  the  Tertiary  of  Brazil,  has 
loua  vencbra,  and  may  tw  a  Rhynchocephalian. 
LV  AcAMiD^ — The  Agamoid  Lizards  constitute  a  large 
[mainly  characteristic  of  vVsia,  but  also  occurring  in  Europe, 
[Australia,  and  Polynesia.  The  supratemporal  fossa  is  not 
over;  the  dentition  is  acrodont;  and  the  prcmaxillie  arc 
SpecimenK  referred  to  the  type  genus  Agaaia  have  been 
ed  from  the  Upper  Eocene  Phoaphorites  of  Ci.'iitral  France; 
Pleistocene  of  Australia  has  yielded  a  &kuU  indistinguish- 
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able  from  that  of  the  existing  Frilled  LiEard  (Ch/amydasattru 

of  the  same  country. 

Family  lGUANiDi£. — The  Iguanoids  are  readily  distinguist 

the  Agamida  I 
pleurodont  d 
(fig.  1042),  a 
presence  of  zyg 
al  articulations 
vertebrae    (fig. 

Fi(.  I04>.— Inner  view  of  Icfi  nmiu  of  ihc  muidiblc  of  Nearly     all    the 

are  now  confii 
the  New  World.  In  the  Upper  Eocene  (Oligocene)  Phosphc 
Central  France  there  occur,  however,  fragments  of  jaws  whi< 

been  referred  to  the  typical  Ai 

y^Mff       I         ^^        genus  Iguana;  that  tenn  bein 

YW~  I0s|fc"lfie5         '"  *  wider  sense  than  in  recent 

A»    T^T  r-Q^jjl         ol(>gy>      Vertebrx  also  occur 

T  approximately   equivalent    depc 

Til.  104}-  -  Vjrtebr.  of  /«««  Hordwell  in  Hampshire  (of  wh 

tnrvfra,  viewed  from  ihc  btemal,  »n-     .  .  ■      »  ... 

tcrior,  uid  i*ieni  upecH ;  frain  the  IS  represented  m  ng.  1043),  WOIC 

Upper  Eocene  of  Hampshire.     «,  Zy*    ;_     .v_ ^r 11 

si^ene ;  e,  co.«i  luilenrie.  '"  the  presence  of  Small  ZygO! 

with  those  of  existing  Iguana 
have  been  provisionally  referred  to  the  French  species.  Th 
Iguanavus  has  been  applied  to  remains  of  a  member  of  this 
from  the  Ex)cene  of  North  America. 

Family  Anguid*. — The  Anguida  are  characterised  by  tl 
ence  of  scutes  roofing  over  the  supratemporal  fossae ;  by  Uie 
tion  of  the  premaxillEe  and  the  nasals  ;  the  more  or  less  con 
pleurodont  dentition ;  and  the  presence  of  dermal  scutes  1 
with  minute  tubercles.  The  genus  Ophisaurus  {Pseudopus),  ii 
the  limbs  are  either  wanting  or  are  reduced  to  rudiments  of  th' 
pair,  is  represented  in  the  Middle  Miocene  of  Gers,  in  Fran 
the  Lower  Miocene  of  Rott,  near  Bonn  ;  some  of  the  species 
been  originally  described  under  the  name  of  Anguts.  Prapst 
from  the  Middle  Miocene  of  Steinheim,  in  Bavaria,  is  distin] 
from  Ophisaurus  by  its  stronger  dentition  and  the  present 
double  row  of  teeth  on  the  vomer.  The  genus  Peltosaurus  1 
allied  Exostinus,  of  the  Miocene  of  North  America,  may  be  it 
in  this  family ;  to  which  we  may  also  refer  several  Europ< 
American  Upper  Eocene  genera  which  have  been  regarded 
stituting  a  distinct  family  under  the  names  of  Placosauri. 
Glyptosaurida.  Among  these  Placosaurus  (Palaouaranus 
the  Upper  Eocene  of  France  and  England,  has  teeth  test 
those  of  the  Slow-worm  {Anguis\  which  were  originally  rega 
belonging  to  a  Varanoid ;  the  vertebrae  (fig.  1044)  are  not 
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of  the  existing  DifilfghssMs,  and  ihe  limbs  were  well  de- 
Another  Anguoid,  with  blunt  cylindrical  teeth,  from  llie 
Phcwphoriie*.  was  originally  referred  to  the  Scincoid  genus 
{PUstivJam),  but  its  gciKiTtc  position  must  for  the  present 
[I  Lirilccided.    In  Nonh 
i»e  have  dypiotau- 
from  the  Btidger  Eocene 
"^V-r.ming,    in    which    ihe 
feclT.c      have      rudtmcnta] 
eflet;    the   large   Sa- 
of    which   the  dermal 
are     unknown  ;    and 


rig'   i4pi«4.  ^Vvrt^bFA  af  Ft*(^t*»t^t  mfptrili' 


rnr  _. 

ciM-  *W>vl  (nini  the  hamat,  i.ouiior.  una  lawnl 
>  i>'     I      ir     .    .       vukU:  (rwn  Ike  Uppit   Evan*   PlioiDtiiinla  oT 

^iparcntly  aJhcd   Xtshpt   Ccnml  rmm.    c.  Co>ul  lutwcle. 

9tints\.     The  vertebrae 

genera,  like  those  of  C3[istiiig  Anguidtc^  present  a  strong 
BbUnce  to  those  of  Ihe  next  family,  as  may  be  seen  by  com- 
fig.  1 044  with  fig.  lo+s. 

iii-T  Varaxiixc. — The  Monitors  include  the  largest  known 

I ;  one  of  the  fosiiil  species  attaining  a  gigantic  sise.     They 

to  Ihe  Old  World  and  Australia  ;  and  appenr  to  be 

before  the  Pliocene.     The  skull  has  no  postorbital  bar; 

Qporal  fo&sa*  are  not   roofed  over  by  bony  scutes ;  and 

premaxilke  and  the  nasals  arc  united.     The  dentition  is 

It ;  and  the  teeth  are  large  and  pointed,  and  confined  to 

The  vertebrK  arc  characterised  by  their  broad  and  flat 

(fig.  1045) ;  and  dermal  scutes  arc  wanting.     .\11  the  known 

ouy  be  included  in  ^e  single  genus  Varanus. 

la  Fiittinif  fomis  the  dorsal  verlcbrar  arc  elongated,  and  have  broad 

tual  »iiincs:  and  the  largest  species  attains  a  length  of  seven  feet.     In 

bnl  state  ibis  group  is  represented 

[rouuds  from  the  Pleistocene  of  Ma- 

M  a|)parently  rcrcr;iblc  to  ihc  living 

\ttngatemis.     Other  vcrlcbrj?,  again, 

IbA   in    the   corrcupondint;  cavc-dc- 

o(  Queensland,  not  improbably 

lo  one  or  nwrc  of  the  species 

■biting    that    region.      In    a 

and  extinct  group  the  dorsal 

K  XIX  reliitively  slwrter  and 
bAn.  and  lui  e  narrower  neural  spines ; 
K  two  known  species  being  of  very 
'Wft  sue.     The  smaller  of  the  iwo  is 

tF.  mmifnat,  from  the  Pliocene  of  the 
ftnlik  Hills  of  India,  nf  which  a  dor- 
renebm  it  sliuwn  in  fig.  104$.  Anuiher  veilcbra  is,  however,  larger 
1  the  figured  s{iecimen  ;  and  the  toial  lengih  of  the  ;inin:>.il  was  prob* 
Hf  «i  least  twelve  feet  These  dimensions  were,  however,  );reatly  ex- 
(Mied  by  the  huge  K  priscut,  of  the  Pleistocene  of  Australia,  in  which 


Kig.  iw.— llciiul  aipcci  at  1  donal 
flioecne  of  Ibt  StvalU,  llillt. 


1 142  CLASS  REPTILIA. 

the  vertebrae  are  three  times  the  size  of  those  of  V.  iival€mu,i 
total  length  did  not  probably  fall  short  of  thirty  feet.    This  : 
originally  described  by  Sir  R.  Owen  under  the  name  of  Me^ 
tain  remains  which  were  referred  to  it  having  subsequently  _ 
be  Chctonian.    An  imperfectly  known  species,  from  the  Lower 
of  Attica,  may  perhaps  belong  to  the  former  group. 

It  may  be  well  to  mention  here  that  Sir  R.  Owen  has  i 
two  peculL-ir  blunt  and  pleurodont  teeth  of  a  large  lizard  1 
Pleistocene  of  Queensland  under  the  name  of  NotiasoMna,  \ 
is,  however,  preoccupied  by  the  genus  Notosaurus  (p.  1139). 
just  possible  that  these  teeth  may  be  referable  to  Varania^ 
in  which  event  the  generic  term  Megaiania  would  have  to 
tained  for  that  form. 

Family  TeiidjE. — In  this  family,  which  is  confined  to , 
the  suprntemporal  fossae  of  the  skull  are  not  roofed  over,  thei 
tion  is  pleurodont  or  subacrodont ;  the  teeth,  although 
form,  are  always  solid  at  the  base ;  and  there  are  no  dennal  1 
An  existing  species  of  T^pinambis  is  represented  in  the  Pleis 
cave-deposits  of  Brazil. 

Family  Lacertid.^. — In  t)\e  Lacertida  the  supratempoialj 
are  roofed  over  by  bone ;  the  premaxillx  are  united  ;  the  ' 
is  pleurodont,  the  bases  of  the  teeth  being  hollow ;  and  there  aiei 
dermal  scutes.     All  the  genera  belong  to  the  Old  Worid.    Re 
of  the  existing  Lacerta  oeellata  occur  in  the  Pleistocene  of  Fn 
and  extinct  species  referred  to  the  same  genus  have  been  de 
from  the  Miocene  and  the  Upper  Eocene  Phosphorites  of  the  1 
country. 

Fa-mily  SciNCiDiE. — The  Scincoid  Lizards  form  a  large  coait; 
politan  family,  characterised  by  the  bony  scutes  rooting  over  A^ 
supratemporal  fossse ;  the  separate  or  imperfectly  united  premanDc; 
the  pleurodont  dentition  ;  and  the  pr^ence  of  dermal  scutes.  Dn- 
catiosaurus,  of  the  Lower  Miocene  of  France,  is  an  extinct  gem 
with  moLiriform  teeth,  probably  allied  to  the  existing  Scinaa  (fi|. 
1041)  or  Chalddes. 

SuBOROKR  2.  Rhiptoglossa. — The  Cha/wleontida,  or  Chanfr 
Icons,  differ  from  the  Lacertilia  in  that  the  nasals  do  not  enta  into 
the  borders  of  the  nares  ;  the  pterygoid  does  not  articulate  with  tiie 
quadrate ;  and,  although  limbs  are  present,  there  are  no  clavicles  or 
intercla^'icle.  The  dentition  is  acrodont.  All  the  existing  fonni 
are  Old  World ;  but  Dr  Leidy  has  described  part  of  a  mandiblt 
from  the  Upper  (Bridger)  Eocene  of  Wyoming,  which  he  refers  to 
the  type  genus  Chameleon. 

SuuoRDER  3.  DoLicHos.^URiA. — This  group  was  originally  formeJ 
for  the  reception  of  the  genus  DoHchesaurus,  from  the  Englid 
Chalk ;  which  is  a  small  snake-like  Lizard,  with  more  than  nin 
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in   ihe   neck,  and  welI-d«v«!oped  limbs.     The  vcrtclirse 
.  zyfCosphcful  lubculatioru.     Acteosaumi,  from  the  Cretaceous 
is  an  allied  form. 
iRitER   4.    P^THOKOiloiiPHA. — The  MosasauToids   are   car- 
tLrLs    marine    Repcilcs,    freqiienily    of    large    dimen-sionis    and 
in  lime  from  ihe  Upper  Grc-cnsand  to  the  topmost  Crcla- 
wiih  a  cosmopoliun  di»tril)ution.     The  body  \i  much  eton- 
The  skull  (fig.  104;}  pretcnls  a  strong  resemblance  tn  that 
VartMHiJa  among  the  Laccrtilia,  and  has  the  iu&.tls  and  pre- 
welded  togwher,  the  quadrates 
looirly  articuUlcd,   teeth    on   the 
J«  as  irell  as  in  the  jaws,  and 
itly  ossifications  in  the  sclerotic 
eye.      The  teeth  are  large  and 
jJkI    anchrlosed    by   expanded 
to    Ihe    sammits    of   the   jaws, 
may  be  xyjfosphcnal  articuUliona 
»ertebr«,  and  the  cervical  r^ion 
tudude  more  than  nine  vertebn. 
davidcK  are  always,  and  the  inter- 
and  sacnun  gmeially,  wanting ; 
PtoAssor  Marsh  figures  a  sternum 
genus.     The  limbs  arc  modified 
lies  (lig.  1046),  with  no  claws  to 
linal  phalangeals,  and  no  fora- 
I  the  horaenis.    The  development 
pelvis  is,  moreover,  but  imperfect, 
■  at  least  the  majority  of  forms  appear 
have  been  devoid  of  dermal  scutes, 
gh  Professor  Marali  has  recorded 
preifence  in  one  genu«. 
F&MiLY    I'uori-ATvcARriD.e.  — TTie 
■tt  specialised  form  seems  to  be  the 
,  PiiapUtlycitrpHS,  of  the  Upper  Cre- 
pt Holland,  in  which  both  an  inlcrclavicle  and  a  sacrum 
'  (ffcsent ;  on  which  account  its  dcscribcr,  M.  Dollo,  regards  it 
type  of  a  distinct  family. 
kMILY  VfosAMUktD.CL — 'hie  whole  of  the  remaining  genera  of 
sborder  may  l>e  included  in   ihis  family.     One  of  the  well- 
genera  is  CiiJastti  (from  which  Edahiaurut  \s,  regarded 
Cope  as  inseparable),  fioin  the  Cretaceous  of  N'orth 
His  gcnos  comprises  numerous  species,  characterised 
the  extreme  elongation  of  the  body,  and  their  small  or  medium 
lice.    In  the  skull  the  teeth,  as  in  the  next  genus  (lig.  1047}  are 
(mtinued  to  the  extremity  of  the  premaxills;  the  Tcrtcbrse  arc 
TOL  tL  R 
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rf  Piatycttrf^t  I  from  th*  CratA' 
DCrUh  'jf  Nurth  Ain<nc%.  Ort<- 
iHlfih  uuinl  ttv.  ji,  Scapula; 
^.  Cnricoid  ;    f,    Humvni*  ;   d.   Ha- 
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long,  and  have  zygosphenal  articulations ;  the  humenu  is 
and  the  chevrons  are  anchylosed  to  the  centra.      SirMuiMl 
allied  genus  from  the  same  deposits,  in  which  the  cherromi 
anchylosed  to  the  vertebra.     Flatycarpus^  {Lestoseuirtts, 
saurus),  -ft-hich  is  found  in  the  Cretaceous  of  North  America  ] 
Zealand,   and   perhaps   Europe,   differs    from    both   the 


» 


rie>  1047.— Fronlsl  aipccc  ot  <bc  cranitim  of  fJaljcmrptu  airtimtrii ;  fion  ttM  Dir 
lafCBiu  ef  North  Anuna.  Greuly  nduccd-  Juijr.  PwnusLUk ;  mlt,  MmnUtl/r,  ' 
prf,  PnlVoDtal,     (AfiuCspe.) 

genera  by  the  absence  of  zygosphenes ;  the  chevrons  being  i 
and  the  humerus  (fig.  T046)  short  and  broad.  With  the 
Licden,  in  which  Professor  Cope  includes  Tyhiaurus  (J 
saurus)  of  Professor  Marsh,  we  come  upon  forms  attaining  gig 
dimensions,  in  which  the  body  is  proportionately  shorter 
in  the  above-mentioned  genera,  and  the  vertebrae  are  1 
without  zygosphenes.  In  Liodon  itself  the  extremity  of  the 
maxilla;  is  devoid  of  teeth,  and  farms  a  cylindrical  lostnim; 
teeth  are  smooth  aiid  more  Or  less  laterally  tompressed;  the' 
merus  is  long ;  and  the"  chevrons  are  free.  It  occurs  in  the  Cnli- 
ceous  of  Europe,  North  America,  and  New  Zealand.  HainoiOMm, 
again,  of  the  Upper  Chalk  of  Mons,  agrees  with  Uodon  in  its  edfli* 
tulous  rostrum  and  free  chevrons,  but  has  teeth  of  three  typd 
Some  of  the  teeth  are  subcylindrical,  and  others  compressed,  with 
serrated  cutting  edges  like  those  of  Megalosaurus.  The  total  length 
of  this  huge  Reptile  b  estimated  at  about  40  feet  The  tj'pial 
genus  Mosasaurtts  is  definitely  known  from  the  topmost  CretaceoiB 
of  Maastricht  in  Holland,  and  the  Cretaceous  of  North  America; 
the  type  species  from  Maastricht  having  been  made  known  to 
science  in  the  last  century.  It  is  characterised  by  the  prenuxiUB 
l>eing  toothed  to  their  extremity ;  by  the  teeth  having  their  crowtu 
faceted  and  more  or  less  compressed ;  as  well  as  by  the  great* 
number  of  the  chevrons  being  anchylosed  to  the  vertebras.  The 
fine  skull  of  M.  Camptri  represented  in  the  accompanj-ing  woodoit 
was  obtained  from  Maastricht  previously  to  17S5,  and  is  presen'ed 

'  Amended  from  Platecarfm. 
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The  very  imperfectly  known    Cetartkrosaurus,   of  the  Camb 
Greensand,  which  Mr  Hulke  refers  to  this  order,  is  noticed  1 
the  Ichthyopterygia. 

Suborder  5.  Ophidia. — ^The  Serpents  and  Snakes  ccHistit 
last  division  of  the  Squamata  present  the  following  distinctivel 
tures:  The  body  is  greatly  elongated  (fig.  iosi,*/>),  andthei 
column  divisible  only  into  a  trunk  and  a  caudal  region.     Hki 
phenoidal  region  of  the  skull  is  fully  ossified  ;  there  is  no  \ 
arcade,  parietal  foramen,  or  columella  ;  the  quadrUe  and  thel 
of  the  palatal  and  maxillary  regions  are  loosely  ^tacbed  to  thci 
(fig.  1049);  the  premaxillse  are  more  or  less  aborted  and 
edentulous;  and  the  two  rami  of  the  mandible  are  connecttdi 
by  ligament.    The  vertebne  (fig.  1050)  havezygosphenes;  ball 
is  no  sacrum,  and  chevrons  are  also  wanting.     There  is, 
no  sternum,  nor  any  trace  of  the  pectoral  girdle  or  limbs ;  tatJ 

some  cases  there  are 
of  the  pelvic  girdle  and 
Dermal  scutes  are  inv 
wanting.  This  suborder  ii  | 
vided  into  three  sections; 
since  its  pala»)ntolt^cal 
is  but  imperfectly  known, 
very  brief  mention  will  be  1 
of  those  families  represented  id 
a  fossil  state.  With  the  ap^ 
tion  of  an  imperfectly  known  form  from  the  Chalk,  described  nad*' 
the  name  of  Cimoliophis,  all  the  known  fossil  forms  are  of  TttiMJ 
or  Post-tertiary  age.  The  next  earliest  genus  is  Helagrvi^  of  dc 
Lowest  (Puerco)  Eocene  of  North  America,  in  which  the  impofta 
development  of  the  zygantrum  of  the  vertebrae  indicates  veiy  gffl» 
alised  affinities. 

Family  ColubridjE. — The  first  existing  family  of  the  section 
Colubriformes,  or  Innocuous  Snakes,  contains  the  great  bulk  of  the 
suborder ;  and,  with  the  exception  of  Australia,  is  representtd  in 
nearly  all  temperate  and  warm  regions.  The  Indian  genus  Pt}^ 
is  probably  represented  in  the  Pleistocene  of  Madras  by  the  eadsting 
P.  mutosus.  In  the  Middle  Miocene  of  France  we  have  the  extinO 
Piltmophis  closely  related  to  the  mcxlem  Tropidonatui,  ot  codiukhi 
English  Snake ;  while  the  existing  genus  Elapkis  occurs  in  the 
Upper  and  Lower  Miocene  of  various  parts  of  the  Continoit  ^ 
species  of  Periops  closely  allied  to  one  now  living  in  ^ypt  ocean 
in  the  Pleistocene  of  Coudes,  in  the  south  of  France ;  and  TXa* 
nophis,  from  the  Middle  Miocene  of  the  latter  country,  is  said  to  be 
allied  to  ElaphU. 

Family  Pythonid^ — The  Pjthons,  or  Rock  Snakes,  are  no« 


Fig.  low. — PoMcrior  (a)  and  hsnal  (■)  view* 
oT  ■  trunk  vencbra  of  PjtAem  mttanu;  fhxn 
the  Plciilocene  oT  Indw. 
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M>  Africa,  Asia,  or  Australia ;  and,  wUh  ihe  next  family, 

the  Untcst  existing  rcprcsteniatives  of  the  sutwrder.    They 

th  in  the  premajulla ;  and  all  of  them  are  good  swimmers. 

of  lh«   existing   Tndi^in  Python  tnelitnis  (fig.    1050)   arc 

the   Plirisioct-ne  of  SUdnu ;  and  not  improbaliiy  also  in 

tn«  of  the   I'unjah;  while  in  the  Pleistocene  of  Australia 

chri:  probably  referable  either  to  Narhoa  or  IJasis,  which 

ihit  that  continent.    From  the  Upper  Kocene  (Lower  Oligo- 

iwater  deposits  of  Hampshire,  and  the  ef|uiv.-ilcnl  Phos- 

af  Central    France,  we   have   the  genus    Palet^x  {Pal^o- 

which   is  apparently   nKirly   related   to  Pylhun.      Finally, 

ktt,  from  the  Quert7  Phosphorites,  is  said  10  connect  the 

with  the   Tortriada, 

ItLV   Botixx. — Tlie  Boas  are  at  the  present  day  eunfined  to 

■  World,  atKl  differ  from  the  Pylhonida  by  the  absence  of 

iUary  teeth  (fig.  1049).     The  genera  Beavvi,  Lithapkis,  and 

{JJmm^n\  of  ihc  Upper  F.occnc  of  North  America,  arc 

fenble  to  this  family.     Frota^^i,   from   ihe  same  de- 

'also  be  proviMonally  included  in  this  family;  to  which 

suggested  that  BotrapAis,  of  the  French  Miocene,  may 

bcton;;. 

iiLY  Eavcro^ — The  membent  of  this  family  are  small  Snalcex 

\\o  the  Botdu,  but  having  a  much  shorter  and  non-prchcnsilc 

\Stafioph$s,  of  the  Middle  Miocene  of  I'Vancc,  is  rcgardwl  as 

^lo  ^c  existing  African  Eryx  ;  while  in  the  Miocene  of  North 

we  have  Aphelophts,   Caiamagms,  and  O^mophis,  all  of 

appear  to  be  moic  or  less  closely  related  to  the  genus 

now  inhabitii^  die  same  regions. 
1LV   pAUTXJPHit)*. — Here  we    may   provisionally  place   the 
formed  for  the  reception  of  the  extinct  genus  Paiaophh. 


Lfty*. — Vimb»» of  Pmln^Ui  Iffkrtu  I  (ttttn  i)u  Midille  Ko«nf  of  Knfluoi.    *i'h* 
ORial  ivai  ■■  v*ming.     <,  Caul  ubcrclc ;  ai,  Zyiinvbiiw- 


[the  Lower  and  Middle  Eocene  of  Europe,  comprising  very 
Its,  which  were  probably  of  uiiuine  habits.     The  vcr> 
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tebne  (fig.  1051)  differ  from  those  of  the  Pythonida  (fig.  1051 
their  much  taller  neural  spines,  the  lower  position  of  the  c 
articular  surfaces,  the  less  divergence  of  the  zygapophyses,  a 
the  stronger  development  of  the  haemal  ridge  on  the  inferior  ■ 
of  the  centrum,  which  often  carries  well-marked  processei  ■ 
two  extremities.  The  type  genus  Palaophis  is  represented  by  I 
English  species,  of  which  the  largest  is  estimated  to  han  in 
a  length  of  20  feet  In  the  Eocene  of  North  America  we 
closely  allied  forms  reaching  to  a  length  of  30  feet,  whidi  n 
ferred  by  Professor  Marsh  to  a  distinct  genus  under  the  nas 
Titanophis  {Dtnopkis),  but  which  Professor  Cope  regards  as  i 
tinguishable  from  Palaephis.  By  Sir  R.  Owen  these  snake 
regarded  as  allied  to  the  existing  marine  Sea-snakes  or  Jlydrcf 

Family  ELAPiDiC.  —  The  first  existing  family  of  the  se 
Colubriformes  Venenosi  includes  the  Cobras  (JVaia,  fig.  1051 
and  Coral-snakes  {Elaps).  The  former  genus  probably  occo 
the  Pleistocene  of  Madras ;  and  perhaps  also  in  the  Middle  Mk 
of  Steinheim,  in  Bavaria. 

Family  ViPERiDiE. — The  present  and  following  fomilies  c 
tute  the  section  Vjperiformes ;  characterised,  among  other  fea 
by  the  perfect  development  of  the  poison-apparatus.  A  snake 
the  Upper  Miocene  of  Switzerland  has  be^  referred  l^  M.  R 
brune  to  the  existing  genus  JBitis  {EcMdnd) ;  having  been  orig 
described  under  the  name  of  Coluber  Kargi. 

Family  C«otalid«. — The  Pit- Vipers  and  Rattlesnakes  are 
lined  at  the  present  day  to  Asia  and  America.  The  genus  A 
dromicius,  from  the  Miocene  of  North  America,  is  provisic 
referred  by  Professor  Cope  to  this  family ;  while  iMipkis, 
the  Tertiary  of  Salonica,  has  also  been  regarded  as  a  memb 
the  same  group. 

Ordinal  Position  Uncertain. — It  will  be  convenient  to 
tion  here  two  imperfectly  known  genera  from  the  English  Purl 
of  which  the  ordinal  position  cannot  at  present  be  detenn 
They  were  regarded  by  Sir  R.  Owen  as  belonging  to  the  Lace 
but  their  teeth  are  much  more  of  a  Dinosaurian  type.  The 
genus,  Nytheks  (Nuiheies),  is  represented  by  a  species  of  the  si 
some  of  the  existing  Varam'da,  but  has  teeth  closely  resembling ' 
of  the  Megaiosaurida,  although  it  is  said  that  they  were  not  impk 
in  distinct  sockets,  and  were  anchylosed  to  the  bone.  The  se 
genus,  Rckinodon,  is  a  smaller  form,  in  which  the  teeth  pres- 
striking  resemblance  to  the  much  larger  ones  of  the  Dinosa 
genus  Scelidosaurus ;  they  were  implanted  in  imperfect  sockt 

Here  also  may  be  mentioned  the  remarkable  genus  Atoposc 
from  the  Kimeridgian  lithographic  limestones  of  Bavaria,  1 
includes  two  species  of  small  Lizard-like  Reptiles,  presentinj 
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iving  peculiar  fcatorcs.  The  (nanus  seems  to  l>c  of  B  Rtt)7)- 
srptalion  tfpe;  but  the  pes  has  unl)-  Tour  digits,  in  which  the 
■aggalft  number  2,  j,  4,  4,  or  the  some  as  in  the  Crocodilia. 
bones  of  the  carpus  are  also  elongated,  as  in  that 
the  ra<liiu  and  ulna  in  Uie  pcctoiat,  and  the  libia  and 
pelvic  limb,  are  respectively  in  close  appo).iiiDn.  The 
symphysis  h  long ;  and  the  dentition  is  ^id  to  resemble 
ot  the  Get^nidit  atnoug  the  LacertilJa.  lite  above  cbaiactera 
It  to  a  curious  blinding  of  Squfuaaiinc  and  Crocodilian  features. 
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CHAPTER    LV. 

CLASS  REPTJUA—anHnMed. 

Orders  Dinosauru,  Crocodima,  and  Ornithosauku 

Archosaurian  Branch.  —  The  three  orders  constituting 
branch  comprise  the  most  highly  developed  of  all  Reptilei 
those  which  make  the  nearest  approach  in  their  oiganinti 
the  Avian  type.  They  also  include  the  largest  forms  jret  ki 
not  only  among  Reptiles,  but  also  among  all  Vertetvatcs  id 
for  a  life  on  land.  The  following  features  are  common  t 
entire  branch.  The  teeth  are  very  generally  implanted  in  di 
sockets ;  are  never  anchylosed  to  the  bones  of  the  jaws ;  u 
exclusively  confined  to  the  premaxilla,  maxilla,  and  dentaty  t 
Both  the  pectoral  and  pelvic  limbs  are  always  well  developed 
cranium  has  no  parietal  foramen,  but  is  furnished  with  b 
superior  and  an  inferior  temporal  arcade  (as  is  shown  in  the 
of  the  Crocodilian  skull  on  p.  ii8i);  the  quadrate  is  firmlj 
among  the  adjacent  bones ;  and  there  is  frequently  no  cola 
The  anterior  ribs  have  a  distinct  capitulum  and  tuberculum 
dorsal  vertebne  carry  long  transverse  processes,  which  in 
placed  entirely  on  the  arch ;  and  there  may  be  more  than  tw 
tebrje  in  the  sacrum.  There  is  never  a  T-shaped  interclavicb 
the  only  indication  of  the  precoracoid  is  afforded  by  the  font 
in  the  coracoid,  which  indicates  its  original  duality.  The  ha 
has  no  foramen,  but  an  ectepicondylar  groove  may  occur, 
proximal  row  of  the  tarsus  comprises  two  bones,  representii 
astragalus  and  calcaneum.  Abdominal  ribs  are  generally  [ff 
The  number  of  phalangeals  in  the  limbs  approximates  more  ( 
closely  to  that  obtaining  in  the  Streptostylic  branch,  althou 
some  cases  there  is  a  reduction.  The  lateial  surface  of  the  n 
bular  ramus  may  have  a  vacuity.  As  a  rule  the  centrum  ( 
atlas  vertebra  forms  an  odontoid  process  more  or  less  closi 
tached  to  the  centrum  of  the  axis ;  the  arch  of  the  former 
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ported  by  the  crcsccm-shapcd  firs!  inlercemnim.  Generally  the 
Bpd  inierccntnim,  like  that  of  Bi^d)^  was  likewise  fused  with 
ocntnim  of  the  axis ;  but  in  one  Dinosaur  (?  Mega/esaums) 
I  cxh.\%  is  a  distinct  wedge-like  bone, 
pchris  the  pubis  and  ischium  nct-cr  fonn  tbc  broad  and 
piftics  found  in  the  Synapiosnurian  branch,  and  ihcy  fre- 
umime  a  more  or  less  rod-like  form  with  expanded  cx- 
(fig.  1073).  The  ilium  (rlMtf.)  frequently  presents  an 
fonn ;  and  the  obturator  notch  is  never  converted  into 


lt»eii  VIII.  DiNOSAURlA. — The  Dinosaurs  comprise  the  largest 
Reptiles  ;  »z%6  vhile  some  of  thrm  appro:i:ima(e  closely  to  ihc 
of   structure  (Attaining  in  Birds,  others  come  so  near  to  the 
generalised  Crocodilians  that  it  is  almost  impossible  to  give 
!deSnitioa  of  the  order  that  will  sepAntte  it  Trom  the  latter.     It 
probable  that  in  the  I-owtr  Trias  there  lived  the  common 
of  the  two  orders,  and  the  forms  from  the  upper  di^-ision 
same  period  indicate  not  only  the  close  connection  lictwceti 
two  groupi,  but  also  show  some  signs  of  affinity  with  the 
jihalia. 
recently  been  proposed  to  divide  the  Dinosauria  into  two 
from  the  structure  of  the  pclris,  for  which  the  names  Gr- 
and Saurischia  have  been  proposed.     If,  however,  this 
be  cventuallj  accepted,  it  would  he  advisable  to  adopt  the 
Omithopoda  for  the  first  division,  and  to  reaiict  the  term 
luria  to  the  second,  which  would  include  the  two  groups  here 
Theropoda  and  Snuropoda.     In  regard  to  the  names  of  the 
il  ^ould  be  mentioned  that  I*rofessor  Cope  first  proposed 
Orthopoda  and  Goniopoda  for  the  groups  hi^re  termed 
and  Theropoda,  on  the  ^ound  that  the  relations  of 
.  ai)d  fibula  were  ewcentially  difyt-reiit  in  the  two.    According, 
,  to  Professor  Huxley,  this  alleged  difference  docs  not  exist, 
;  these  t\»xae&  are  therefore  rejeacd  by  him. 
I  This  order  is  entirely  extinct,  and  may  lie  regarded  as  chatacter- 
:  of  the  Mcsoioic  period  ;  since  it  ranges  from  the  'frias  to  the 
aoit  Cretaceous  of  Maaslricht,  and  the  [.aramie  beds  of  the 
States,  and  apfieara  to  have  attained  its  maximum  dcvelop- 
.in  the  Jurassic  and  Wealden.      In  space  this  order  was  widely 
favibuted  over  Europe  and  \uitli  America ;  and  it  has  abo  been 
iKt  with  tn  India  and  Africa. 
Dinosaurs  *-ary  exceedingly  in  the  contour  of  the  body  and  1  tmhs ; 
in  sonoe  instances  were  more  or  less  of  a  crocodilian  tyjw,  hut 
en  approach  very  markedly  to  the  avian  structure  ;  the  latter 
being  most  marked  in  the  pelvis  and  hind  limbs.     The  hind 
cither  tnoderately  or  excessively  long ;  while  the  body 
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was  sometimes  defended  by  a  bony  dermal  annour,  w 
carry  long  spines,  but  apparently  was  never  composed  of  ii 
pitted  scutes.  The  centra  of  the  vertebrse  are  veiy  generally  i 
ccelous ;  but  are  not  unfrequently  opisthocoelous  in  the 
more  rarely  in  the  anterior  dorsal  region ;  and  occasionally  i 
the  caudals  are  proccelous.  The  neuro-central  suture  was 
persistent  till  an  advanced  period  of  life.  As  a  general 
sacrum  includes  from  three  to  six  vertebrae,  but 
number  is  reduced  to  two.  The  cervical  ribs  are  not  produced  I 
spines  directed  antero-posteriorly ;  and  there  are  no  undnale  { 
cesses  to  the  ribs.  The  rib-facets  of  the  middle  dmsal 
may  either  form  a  "  step  "  on  the  transverse  process,  as  in  tbe  < 
codilia,  or  may  be  placed  on  the  lamina  of  the  arch.  The  skull  1 
many  features  of  that  of  the  earlier  Crocodilia,  but  also 
approximate  in  some  cases  to  the  Rhynchocephalian  type.  The] 
maxillie  were  but  rarely  fused  together ;  and  the  union  of  tbe 
dibular  rami  in  the  symphysis  is  cartilaginous.  The  teeth  are  | 
erally  more  or  less  laterally  compressed,  frequently  having 
edges,  and  may  be  of  complex  structure;  they  were  not 
implanted  in  distinct  sockets.  The  sternal  region  is  imp 
known,  but  it  frequently  comprised  two  paired  bones^  which 
represent  parts  of  the  sternum.  The  limb  bones  may  be 
solid  or  furnished  with  a  medullary  cavity.  The  contcoid  hn  i 
fontanelle,  and  is  always  short  and  rounded  In  the  pelvis  (I 
1060)  the  ilium  has  both  the  pubic  and  preacetabular 
well  developed,  the  latter  being  in  some  cases  greatly  elongatiBdi 
the  pubis  always  takes  a  share  in  the  formation  of  the  acet^uM 
(of  which  the  inner  wall  is  unossiBed),  and  may  be  directed  ddj 
forwards  or  backwards.  The  femur  may  have  its  head  placed  dtha 
obliquely  (as  in  the  Crocodilia)  or  at  right  angles  to  the  cond;r^] 
and  may  or  may  not  be  furnished  with  an  inner  trochanter.  Tfel 
tibia,  as  in  Birds,  had  a  cnemial  crest ;  and  the  astragalus  wu  fi» 
quently  flattened,  and  more  or  less  closely  applied  to  the  lowtt  Cfli 
of  the  tibia. 

Suborder  i.  Ornithopoda. — This  suborder  is  taken  10  inchidl 
the  Stegosauria  of  Professor  Marsh,  and  embraces  the  most  spedA 
ised  forms.  In  the  skull  (figs.  1059,  1062)  the  anterior  part  of  tfal 
premaxilla  is  devoid  of  teeth;  there  is  no  preorbital  vacuity;  th( 
nares  are  placed  at  the  extremity  of  the  skull ;  and  the  teeth  0 
more  or  less  complex,  and  are  frequently  not  set  in  distinct  socketl 
The  vertebrse  are  solid  throughout.  The  pectoral  limb  is  considff 
ably  shorter  than  the  pelvic ;  the  limb  bones  may  be  either  sdii 
or  hollow.  The  ilium  generally  has  its  preacetabular  process  mud 
elongated  (fig.  1060),  although  this  is  not  the  case  in  the  type  0 
Campiosaurus  (fig.  1052),  the  ischium  has  an  obturator  process 
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Hu>st  Striking  and  remarkable  feature  in  Uic  group,  and  one 
it  difTent  frum  all  others  except  Birds,  i»  that  the  sliaCt  of 
b  directed  backwards  more  oc  less  nearly  parallel  with  the 
,  while  a  shorter  and  thicker  portion  in  advance  of  tlie 
lorn  projects  forwards.  How  remarkably  this  pelvic  stmc- 
nmmatcs  to  that  of  Dirds  may  be  seen  by  comparing  figs. 
id  1060  with  that  of  the  pelris  of  a  Katitc  Bird  given  in  the 
Thus  the  large  preaceubular  process  of  the  pubis  of  the 
correspondg  with  the  much  smaller  but  similarly  situated 


-Tte  to*  ida  nt  iht  pdntof  OwAM'iinrt  Jb/«r:  from  tilt  Ujipei  tina»(c  a\ 
A  0D*4wilKb  kuonl  *ue.  Tht  uptir  tviit  u  ihc  ilium,  ibai  un  iue  left  iKi 
M  Ml  Ik*  fidu  Am  whiam.    ( Vi*r  Manh.) 


ll  process  in  the  pelvis  of  the  Katite  Birds  (fig.  1 107).  In 
Kscs  the  pubis  bad  no  median  symphysis.  All  the  mote 
led  members  of  the  nuhorder  appear  to  have  walked  habitu- 
the  hind  limbs  alone.  In  thiit  and  ihe  following  suborder 
ph  of  ihe  tibia  is  often  nearly  equal  to  that  of  the  femur  \ 
tiyahph^don  and  Cemfso- 
the  former  Iwnr,  as  in 
\  the  longer  of  the  two. 
Lv  Trachodoktiu-»u  — 
K1  specialised,  as  well  as 
be  most  recent,  familieit  of 

brdcr,  seems  to  be  that  typ- 

leprewnicd  by  the  genus 

mom  {HaJrvsaurus),      This  family,  although  closely  related 
next,  is  diittinguibhrd  by  having  tliv  teeih  ananged  in  a 
of  vertical   columns  and  articulating   together  so  as  to 


Fijc.  1013.— Tooih  of  Tr^cktiifH  ^wmtiJi 
tram  tha  IJliwr  OdiiCBCiut  uf  N«w  Jenrrv. 
(Aft«c  Uiay.f 
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form  n  kind  of  pai'emenL     The  t/pe  genus,  of  which  a 
shown  in  fig.  1053,  was  first  described  from  the  Upper 
of  the  United  Stales^  but  has  been  subsequently  recorded 

Upper  Greenland  of  Comt 
All  the  dorsal  vertel>ne  are  ofk 
coclous.     five  other  gencra^Ti^ 
fhrn'us,   Cioftodom,   Jfaneclema, 
MKut,   and    AgathaHfuas  —  fitm 
I^ramic  beds  of  North  Ameno: 
sent  a  similar  type  of  dendtMA 
have    been    referred    to    the  ^ 
family  ;  the  first  being  probably  I 
lical  with   Trachodon.     The  Luq 
beds,  it  should  be   ohKerved,  ^ 
to  be  tninsitional   between  ike  V 
tflceous  and   Eocene  although  ■! 
In  the  soolled  Didonius  the  A 
allhoiigh   presenttnj{  many  of  the   features  of  that   of  If^aMi 
is  much  more  elongated  and  depressed,  and  has  the  cdcnuli 
prcmaxilltc  produced  in  ad%'.ince  of  the  large  oares.     Onhemo 


titm  in  i)k  i*m.    Rcducad. 


able  to  the  former  epoch. 


Pif^  nS}-—IaM>  Mud  eulcr{n)vpccu«ra  Iowa  lomh  o( //vawiAii 
fiijin  Ibe  Wuldon  irf  Sums. 


of  the  Upper  Cretaceous  of  Maastricht  in  the  Nethertaatl 
probably  be  also  referred  to  this  family,  although  it  shows  H 
signs  of  connection  with  the  next. 

Family  Iguanobovtid*. — 'i'he  characteristic  features  of  thk 
markabic  family  arc  to  be  found  in  the  hollow  hmb  booes; 
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and  Tclaiive  length  of  the  pubis  and  ischium  (figs.  1057, 
I';  die  avion  cturacteis  of  the  Temur,  which  has  a  Inrge  inner 
the  digiltgrade  hind-foot,  rumishcd  with  cither  three 
digits  and  more  or  lew  elongnted  metatarsals ;  and  the 
limbs.  The  buncs  usually  referred  to  the  sternal 
ate  tjpicalljr  hatchet-shaped,  and  have  been  regarded  by 
I  autbontics  as  clavicles,  althoi^h  it  seems  more  prohahic  that 
ife  cotutecied  with  the  xiphistemuni.  I'he  cervical  v'enebrx 
■stullj-  opisthoccclous  ;  and  the  rib-facets  in  the  middle  dor&al 
vcfe  pbced  on  the  arch.  I'he  teeth  (lig<:.  1054,  1055)  were 
in  a  tingle  row,  and  are  very  peculiar  and  characteiiatic. 
.they  have  flattened,  diatnond-^liaped  crowns,  bearing  slrongly- 
serratiiMis  on  tbe  anterior  and  posterior  borders,  and  one 


I  Af>*i(uryriui(.     Thf  iltlal«n  ;  tram  lh«  WwMmi  vf  Dflfiim. 

verticad  ridges,  some  of  which  nuy  themselves  be  serrated, 
Ftfadr  outer  aspect.     The  mandible,  again,  presents  the  peculiar 
of  having  a  horsc-shoc-lilcc  prcdcniary  bone  at  the  extremity 
symphysis  (fig.  1059).    This  prcdcniary  ossification  1%  devoid 
h ;    while  the  mandibular   symphysis   itself  is  deeply   chan- 
Tbc  family  ranges  from  the  Middle  Jurassic  to  the  Weal- 
■od  Neocomian  of  Europe ;  its  members  generally  showing  a 
loal  increase  in  sij<  from  the  lower  to  the  higher  horizons. 
like  the  members  of  the  preceding  family,  the  Iguanodonts  liabitu- 
■tUf  nif^rted  themselves  on  Che  hind  limbs,  as  in  the  accompany- 
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In  the  imperfectly  known  Sphenoipeniylus  of  the  English  Wed 
the  anterior  dorsal  vertebrse  were  opisthoccelous,  and  all  the  da 
had  very  low  neural  arches.  In  the  type  genui  Igtiamedsu,  ri 
includes  the  largest  forms,  the  skull  (fig.  1059)  is  compaoti 
short,  with  large  and  terminal  nares  and  no  teeth  in  the  pRi 
ilia.  In  the  typical  forms,  constituting  the  Euiguanodont  p. 
the  dorsal  vertebrEC  (fig.  1058)  are  amphicoelous,  those  b 
anterior  part  of  the  series  having  very  tall  neural  aicfaea 
compressed  centra ;  while  the  sacral  vertebrse  are  anchjioHd 
gether,  and  have  rounded  inferior,  or  hsmal,  surfaces.  Ii 
pelvis  (fig.  1056)  the  ilium  is  shallow,  with  a  sharply  pointed| 
acetabular  process ;  while  the  pubis  is  much  shorter  thin 


Fij[.  1057.— Inner  ufMct  of  ihe  left  femur 
of  I^anoxlon  ttmiisarttitsis  (a),  and  of 
C^mftosaurut  Lttdsi  {a%  Reduced  to  ume 
Ei»,  d,  Hcid;  b,  Lcuer  trochanter;  c, 
iDuer  do. ;  d,  Ectocondyle ;  i,  EnlociHidyle. 


fig.  lOfS.— PsMcriorupanofuHn 
ul  venebra  of  Iguamtdtn  ttraltmrt 
fniiii  ihe  Wealdm  of  (he  Ide  sT  WighL 
■ixth  DUural  lia.     (After  Seder-) 


ischium  (which  is  twisted  on  itself),  and  does  not  form  a  sympl 
The  femur  (fig.  1057,  a)  is  characterised  by  the  inner  trodu 
(c)  forming  a  crest  directed  almost  immediately  backwards,  1 
its  shaft  is  nearly  straight.  The  foot  had  only  three  functi 
digits,  of  which  the  metatarsals  were  short  and  thick,  and 
phalangeals  broad  and  flat ;  while  in  the  manus  the  one  phalai 
of  the  first  digit,  or  pollex,  was  modified  into  a  stout  conical  si 
As  in  the  other  members  of  the  family,  the  astragalus,  althougt 
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to  the  tibia,  was  doady  applied  to  its  distal  extremity, 
rendered  the  Ktmciure  of  the  ankle-joint  (as  in  msny 
|_lKsiibcn  of  the  ordci)  essentially  similar  to  that  of  a  Bird. 

I  observed  that  the  inner  trochanter  of  ttic  femur  corresponds 

1  o«ie  foand  in  some  Birds,  which  gives  ait.ichment  to  the 

r1  and  tschio-femoral  muscles,  and  it  is  interesting  to  find, 

obtefvaiioM  of  M.  DoUo,  that  its  form  in  Jguano^Mt  is  that 

with  the  Avian  type. 

ntnges  from  the  Wealden  to  the  Lower  Greensand, 
lu  has  only  been  described  from   Europe.      The  two 
itivcs  of  the  typical  or  Euijituanodont  group  occur  in  the 
^Wcalden  and  Lower  Grecnsand,  and  comprise  /.  MantclHt 
Ffte  Urger  /.  t^rmifuirtentis  (fig.  1056) ;  these  two  species  being 
itinguishcd  from  one  another  by  the  number  of  the  sacral 
vid  the  contour  of  the  ilium  and  femur. 

kngth  of  the  entire  body  of  the  larger  /.  ^rmstarltntis  is  esli- 

[  ■(  abooi  33  fwt     The  histor>-  of  the  j^radual  reconstruction  of  the 

I  of  ibu  sentu  affords  an  instructive  instance  of  the  results  u  hich 

:  aitai&ea  by  careful  and  patient  study  of  ftaKmcniury  remains. 


!. «  J 


? 


K-Lrtlanolatpeci  oriUi)i>llar/rMHiABJ#r>uBit>V.^.        !. In   'V.:,U#n 

MadindBMd.    Tlu Miurior *p«1H« u ib« obo :  ibc  ni    <!i  ■■  ,  w\ 

.^  th*  iahunfieal  lona.     TVc  pr«il»Ui]l  boa4  b  *uii  ;.i   m,    .  .1 .,1  iIm 

tAfta  tMhi.> 

_j  labours  of  the  late  Dr  G.  Mantell  of  Lewes,  in  the  first  lialf  of 
_i  centiirv.  a  considerable  knowledge  was  acquired  of  tlie  Kre»'«T  pf^rt 
TAc  skdcion,  ahbou^'h  ihc  structure  of  the  pectoral  and  pelvic  girdles 

a  puule.     The  structure  of  the  latter  was,  huwcrcr,  aflct  more 

oac  tncfTcctual  attempt,  tinally  solved  by  the  kboiua  of  I'tofcMor 
and  Mr  J.  W.  Kullce. 

In  the  Wadhurst  CI.iy.  or  Lower  Wcaldcn,  of  Sussex,  wc  meet  with 
ics  of  JguanoJoH  which  connect  the  preceding  typical 
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fonns  with  the  undermentioned  genus  Cam^tesaurms.  I.  Dmm 
a  form  intermediate  in  size  between  /.  ManielH  and  I.  ienum^ 
characterised  by  the  less  compressed  centra,  and  lower  ucbta4 
dorsal  vertebra ;  and  also  by  the  form  of  the  ilium  {6§.  10C4 
which  is  of  great  depth,  and  has  a  deep  and  romided  posticeli 
process,  while  the  preacetabular  process  has  a  horizontal  ■ 
plate.  In  the  smaller  /  Fittoni  the  ilium  is  equally  deep^  h 
the  postacetabular  portion  narrowed  to  a  point  laterally,  widi 
tinct  inferior  horizontal  plate ;  while  the  sacrum  has  latenUj 


"^ ---"' 


Fig.  1060. — Lert  peine  bona  of  Lower  Wulden  Iciunodom.  Onc-iuttcailb  natml  ■ 
ItiuiD  oT  Iguaiadim  DimaeHi;  F,  Imperfect  pnbn  of  do. ;  /i,  Itdiloe*  tt  I.  ktlliailt 
a,  Obcunior  proceu  of  iichium. 


pressed  vertebrse  like  those  of  /.  ManleUt.  The  posterior  p 
of  the  ilium  of  this  species  is  indeed  almost  indistinguishable 
that  of  Camptosaurus  (fig.  1052).  Finally,  in  /  kollingUm 
which  agrees  approximately  in  the  proportions  of  the  limbi 
J.  Mantelli,  the  femur  had  a  curved  shaft  and  pendant  trocl 
as  in  Camptosaurus  (fig.  1057,  b)  ;  while  the  sacrum  had  tfa 
tebrse  remaining  separate  from  one  another,  with  their  it 
surfaces  flattened,  as  in  that  genus,  with  which  this  specie 
agreed  in  the  contour  of  the  ischium  (fig.  1060,  Tjr),  which 
stout  shaft  not  twisted  upon  itself.     This  species  agreed,  hot 
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:  t\-piral  speries  of  the  genus  in  having  the  pollex  modified 
canical  apiitc,  and  tliereby  diflcrcd  from  CamfitosaMntt^ 
b  indicating  how  the  one  genus  passed  into  the  other.  It 
improbable  th&t  the  Urge  Iguanodont  from  (he  Upper 
c  oC  the  United  Slates,  deMribed  as  CamptosaurMs  ampins, 
be  referred  to  this  group  of  Jguaned&M,  since  it  has  but 
bncuonal  digits  in  the  pes. 

Ii  the  ifeniu   CamphMurui  ( Ca>Hpt^>t/>ltis\  wc  come  to  foims 

arc  u&tiaUy  of  tnullcr  size  than  ihc  preceding.      Ie  occurs 

ly  in  ibc  Upper  Jurassic  of  North  America ;   but  certain 

{rom  the  English  Oxford  and  Kimeridge  Oays,  to  the  latter 

d)  tbe  name  CmmHoria  hu  been  applied,  as  well  as  a  Wealden 

^  do  not  appear  lo  Ixr  gencrically  separable.     This  genus  has 

afsotnewhat  simpler  structure  than  those  of  fguan/idou,  nnd  is 

r  characlcriscd  by  the  Battened  hxmal  surfaces  of  the  centra 

:  sacral  vertel)ta!,  which  appear  to  have  remained  separate 

Itout  life;  by  the  short  prcacctabular  process  of  the  ilium 

o^i)  of  the  type  species ;  by  the  equality  in  the  length  of  the 

Knd  ischium  *.  b)-  the  pendant,  or  downwardl)-  directed,  inner 

Her  of  the  curved  femur  (tig.  1057,  ») :  and  the  presence  of 

iu  of  narmal  structure  in  the  nianus,  and  typically  of  four 

The  length  of  the  femur  of  the  type  specien  is  some 

The  English  forms  arc  not  fully  known ;  but  so  far  as 

he  case  they  agree  in  essential  characters  with  the  type :  the 

of  the  manus  and  pes  is,  howcvirr,  unfortunately  unknown. 

^si,  of  the  Oxford  Clay,  is  known  only  by  the  ft'inur  {fig. 

1),  which  ineuures  a  little  over  one  foot  in  length  \  while  in 

idgian  C,  PmtU'icMi  (the  tyjje  of  Cnmnoria)  wc  are  ac- 

d  with  the  greater  part  of  the  vertebral  column,  in  which  the 

have  tall  neural  arches,  while  the  ilium  ha<>  a  long  preace- 

pnwess  like  that  of  Jguanvdon,     The  V\'ealden  C".  valdensU 

ed  by  a  femur,     Laosaurus  h  an  allied  form  from  tlie  Upper 

of  the  United  States,  di.'.tinguished  by  \x%  amphicoelous 

veRcbrc      Tbc   imperfectly  Vnuwn    Cryptodnuo  {Crypto- 

from  the  Oxford  Clay  of  England,  is  ch.ir:ieteri8ed  by  the 

lootncu  of  the  femur,  which  exceeds  a  foot  in  length,  and 

Baif^  ^taSt,  with  an  inner  trochanter  like  that  of  SgusHodcn 

irttMtii,  but  differs  from  the  corresponding  bone  of  all  oihcr 

the  family  in  the  absence  of  a  groove  on  the  anterior 

lower  erwd  between  the  condyle*. 

ly,  wo  come  to  the   consideration   of   ffyps//«pfjodaHf   the 

and  least  specialised  representative  of   the  family,  which 

veil  known  to  us  through  the  labours  of  Mr  J.  W.  Hulke; 

genus,  which  occurs  in  the  Upper  Wealden  of  En^jland,  the 

ttrOiCtiire  of  the  pelvis,  as  well  as  the  pendant  inner  tro- 

Ik  s 
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chanter  of  the  femur,  resemble  the  corresponding  den 
Camptosaurus ;  and  there  are  Ukewise  four  functional  digi 
pes,  of  which  the  metatarsals  are  elongated ;  while  the  teet 
also  occur  in  the  hinder  half  of  the  premaxilla,  are  somewhat 
than  those  of  Iguanodon.  In  conclusion,  we  may  mentim 
perfectly  known  forms  which  are  evidently  related  to  thi 
Of  these,  Moeklodon,  from  the  Upper  Greensand  of  Ai 
characterised  by  the  absence  of  the  channelled  mandibc 
physis  characteristic  of  typical  forms ;  while  Craipedodtm, 
Upper  Cretaceous  of  Belgium,  is  a  very  small  Dinosaui 
known  by  its  teeth,  which  are  more  complex  than  I 
IguanodoH. 

Family  ScELioosAURiDiE. — This  family  includes  a  groi 
markable  Dinosaurs  of  medium  dimensions,  characterised 
clad  in  a  stout  dermal  armour,  usually  consisting  of  detachc 
and  long  spines,  but  sometimes  taking  the  form  of  a  solid 
completely  covering  the  lumbar  region.  The  rami  of  the  i 
are  slender  and  tapering,  but  it  is  not  known  whether  a  pi 
bone  was  present.  The  teeth  (fig.  1061)  have  laterally  flatti 
subtriangular  crowns,  with  the  borders  carrying  serrations 
or  less  obliquely  or  parallel  to  the  long  axis  of  the  tool 
anterior  and  middle  dorsal  vertebrae  differ  from  those 
IguoHodoniidtE  in  having  the  articulation  for  the  head  ol 
forming  a  "step"  on  the  transverse  process,  as  in  Crococi 
not  a  facet  on  the  arch ;  while  there  is  also  no  fossa  beti 
transverse  process  and  the  postzygapophysis.  The  !imb-l 
solid  and  massive ;  the  pre-  and  posta< 
processes  of  the  ilium  very  long ;  and  t 
and  ischium  comparatively  short  TTi 
has  an  inner  trochanter ;  the  metatai 
short  and  thick ;  and  the  pes,  which  was 
plantigrade,  always  has  four  functions 
This  family  connects  the  Iguanodontida 
Sttgosauridte,  and  appears  to  be  confine 
Old  \\'orld,  ranging  from  the  Lias  to  tl 

Fig-  lofij.— Tooih  of    CGOUS. 

iZi;  7™™he  L^™r  The  type  genus  Salidosaurus,  of  whici 
T^LtL.^IIlf"-  is  shown  in  fig.  1061,  occurs  in  the  Lo 
of  Dorsetshire ;  and  is  well  characterise* 
strongly-marked  serrations  of  the  teeth,  and  the  short  an( 
dermal  spines  or  scutes.  In  the  Wealden,  the  well-know 
saurus  was  a  Dinosaur  of  considerable  dimensions,  chai 
by  its  enormous  and  laterally<ompressed  dermal  spine; 
which  the  skull  and  teeth  are  unfortunately  still  unknowi 
detached  teeth  which  have  been  provisionally  referred  to 
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Icnown  to  be  Sauropodous.     The  anterior  dorsal  vcrttbnt  hire 
'kcd  hienul  hdgc,  which  di&appcars  in  iho5C  later  in  the 

ataitrtdt  is  founded  upon  a  lower  jaw  from   the  WcAlden, 

imay  pertain  cither  \o  the  last  or  ihc  following  genus.     In 

wmJkus,    of  the   same   bed<i,  we  have  a  remark-ible  form,  in 

the  dcmul  armour  constilutcs  a  completely  solid  carapace 

whole  of  the  dorsal  aspect  of  the  lumbar  region,  some  of 

nponent  scutes  being  tuherculated,  and  others  ridged  ;  while 

I  was  al^o  a  number  of  detached  flattened  spines  somewhat  like 

of  Hylaaaurui,  which  probably  formed  a  line  in  ihc  dor&nl 

"ITiti  ptrcuiiar  type  of  carapace  forcibly  recalls  that  of  the 

dont  Kdcntatcs.     In  the  Cbalk-Mail  and  Cambridge  Oreen- 

&nd  Acanlhnfikoiit  with  a  dermal  armour  somewh;it  similar 

of  Salidffttuirvi,  but  with  rather  more  complex  teeth.     The 

•  Ait^lasatirus,  of  the  Cambridge  Greensand,  was  probably  a 

allied,  if  not  generically  identical,  form ;  while  the  equally 

I  Sipi^mesayrut  and  Euareotaurut,  of  the  same  depoiiits,  are 

by  their  compressed  and  carinated  dorsal  vcriebrse, 

resemble  those  of  Hylitesattrus.     Apparently  allied  to  these 

n  t-Wtisauruff  of  the  ^V'caldcn  of  the  Isle  of  Wight,  origi- 

'tefencd  to  the  /fcuaitodontida,  but  showing  the  "step"  on  the 

processes  of  the  dorsal  vertebra;  characteristic  of  the 

family.     PrioJoniogHathus^  founded  on  a  fra^meni  of  jaw 

■ntnovn  age,  is  prol^bly  referable  to  one  of  the  preceding 

LV  STKCoaAumn*. — This  family  is  typically  represented  by 

(eiuu  Siexosaunts ;  but  before  mentioning  that  form  it  will  be 

ieni  to  refer  10  two  apparently  allied  Dinosaurs  from  the 

system  of  ihc  Cape,  both  of  which  arc  very  imperfectly 

and  may  indicate  a  family  coiiiieciing  the  present  with  the 

<mtuite.      In  Ensct/tsaurMs  (more  correctly  Eusce/i'tfosaurits), 

ftrst  of  these  forms  is  named,  the  liml>-bone5  were  solid,  and 

fcntDT  has  a  large  inner  trochanter,  and  approximates  somewhat 

duf  of  the  Igiianodonts.     The  tibia  and  fibula  seem,  however, 

hme  been  more  like  those  of  the  S/egosourida ;  being  anchyloscd 

their  two  extremities,  and  closely  joined  to  tlie  astra^;iius  and 

'Ilic  caudal  vertebra;,  belonging  either  tu  this  or  the 

hm  genttt,  are  of  an  Iguanodont  Type.     The  genus  Orinosaums 

WrrmMna)  was  (bunded  upon  a  bone  of  a  larger  reptile,  regarded 

If  iia  desoriber  as  the  distal  end  of  a  femur,  but  which  is  really  the 

Imiiiial  end  of  a  tibia.     Although  solid  throughout,  (his  bone  re* 

MritAes  the  ubia  of  ipusnedon  in  its  expanded  extremity,  and  thus 

iVHs  a  tiactsttMn  between  the  Tguaiiedentidat  and  Sitgosaurida, 

IW  genus  SUgoMMms  was  originally  described  from  the  Upper 


^^^62 


;ass  reptilia. 


Jurassic  of  North  Americi ;  but  it  a|>pe3r»  that  certain  (oma  I 
Oxford  and  Kimcrid^c  Clap  of  EngUiKl,  described  at  an  culi 
under  the  preoccupied  name  of  Omosauiys,  are  not  entHlol  I 
eric  distinction.     These  Dinosaurs  agree  with  the  Saiiitta 
the  geneml  structure  of  their  teeth,  and  the  possession  of  a  i 
aitnouT  of  scutes  and  spines,  ha  vrcW  as  in  their  solid  Xa. 
but  differ  by  the  great  height  of  the  neural  arches  of  the 
as  well  as  b/  the  circumstance  that  in  the  bacrum  cacb 
either  chielly  or  entirely  itupported  hy  a  ungle  centrum,  io 
by  the  adjacent  portions  of  two  centra,  as  in  the  preceding  ! 
The  skult  ^fig.  1062)  shows  many  points  of  teseinblince  to 
/guanodon,  especially  in  the  presence  of  a  predentary  booe'J 
is  lower  and  narrower,  and  thereby  approsimate»  to  the 
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ato«>.-Laft  Uiinl  Hew  oT skull  of  SUftmitru  anuH;  turn  «k«  V|ipw 
Aiunoi.    One<tiunM  namiwl  ■!«.    *,  Nkro:  *.  Orbii;  /,  IbA 
"     lit; -.NuvliM  Pnfivnuli /^.Sufnorblul;  A. 

;  «,  Ancufar  ;  i,  Spknk) ;  W,  UtnUrj  i  /</,  Pndt 


lB(m««nanl  la 
,.  PiMi/raaial:  1 
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sAurian  type.  The  Iguanodont  resemblance  is,  howevfcr,  so 
as  to  forbid  the  reference  of  the  forms  wiih  dennal  annour 
separate  sutiordcr.  The  two  rami  of  the  caudal  chevronJ 
not  unite  superiorly.  In  the  pelvis  (fig.  1065)  the  ilium 
enormous  preacetabular  process,  and  a  very  ^lort  postacec 
portion  ;  while  the  ischium  and  pubis  arc  relatively  short.  In  tb 
femur  (fi^.  1063)  the  inner  trochanter  is  either  very  small  D 
absent;  the  mctataruls  arc  very  short  and  stout;  and  the  if 
di)|iits  of  the  plantigrade  pes  approximate  in  contour  to  Ibosc  C 
tile  Elephant.  The  tibia  and  fibula  arc  suturatly  united  together  I 
their  extremities ;  and  the  former  is  completely  joined  to  the  asot 
galus,  and  the  latter  to  the  calcaneum.  Other  peculiar  fcatuns  0 
these  remarkable  reptiles  are  to  be  found  in  the  stmctore  of  [h 
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nal  in  the  sacnim.  In  the  solid  structure  and  gencTa) 
pr  the  liml>-borKS,  as  vel]  as  in  the  relatione  of  the 
Cia  to  ihcir  jrchcs,  Sieg^sairrui  approximalts  to  the  sub- 
Mpoda  ;  and  thtis  shows  how  imposstlilc  it  i«  to  bring  out 
relationships  of  aninuils  In  a  linear  c1a»:^iBcation.  The 
ies  indicjics  a  reptile  about  two-thirds  the  dimensions  of 
B  teririsjar/ensis.  The  American  species  have  no  inner 
r  to  the  femur.  The 
]fCM4oH  has  been  ap- 
an  American  Jurassic 
•cterised  by  some  modi- 

in  the  sinicture  of  the  

'fyttrvpMaus,    from    the  '      ^fc^BTl  K\.--ts 

Ariiorta,  appcare  to  be 
ku  closely  allied  to  the 

._      f 
CsitAToriDA. — This 
been   proposed    for 
ihle     Cretaceoos 
•Hied  to  the  pfeccd- 
|r«  but  can  onljr  be  pro- 
adopted.     The   type 

(according    to      "  ^^^^     /\  M ./'' 

atical  with  his  JWy- 
if  the  I-animic  Crcta- 
ir    the    United    States, 

'pair  of  large  hflm-cotes  /-d&flr    t- 

kull,  which  are  curiously 
•e  of  ihe  Bvvida,  and       "»■  •°!>:-,'i^»  ij"  iwo"!  •^  p*/* 

mtably      Sbcathcd      with       from  itii  Lppcr  Junme  of  Nortb  AmcritB. 

rhe  body  was  cm«r«l  d-r.!".  Ti^dUTrri.:-.  W^J-*: 
rmal  scutes,  which  not  ;-i?;„;i,''rr;J:;';Sn"u,^/.-.  w 
biy  had  overlying  homy     ii»lu»;t'.  Caiamum.  (Afirt  M«nh.i 

ike  those  of  ChcIoni3n». 

Upper  (ireensand  of  Austria  there  occur  similar  horn-htce 
lace  thought  to  have  been  attached  to  the  body,  and 
I  05  S/n//it(uat/nts  {Crattramus),  and  it  has  yet  to  be 
(at  the  American  types  are  Kencrically  distinct  A  gigantic 
rm,  from  the  Laramie,  has  been  christened  Triarxitops, 
ihancterised  by  the  presence  of  an  additional  nasal  hom- 
ppoited  by  the  coalcMrcd  prcmaxilla:  and  an  additional 
woe  The  skull  is  stated  to  he  upwards  of  six  feet  in 
the  frontal  bonxorcs  measuring  some  ai  inches.  A 
Hike  bone  in  the  British  Museum,  from  the  Wealden, 
indicates  an  allied  type. 
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jVaJosaurus.,  of  the  LaTamie,  is  a  form  more  or  less  iw 
to  Slegosaurui,  characterised  by  ihe  completeness  of  ihel 
armour,  which  consists  of  tows  of  rounded  knobs,  b«comiB|i 
and  (juadrangutar  near  the  head.     The  skull  rs  unVnovm. 

Finally,    the   remarkslilt^    genus    S/enaptlix,    from    the 
Wcaldcn,  lihould  {icrhaps  find  a  position  somewhere  in  this  I 
bourhood,  although  it  differs  from  all  other  membets  of  ilrit| 
order   hy  the  presence  of  cavities  in  the  centra  of  ibe 
vertehne. 

Suborder  z.  Thebopoda-^Hic  suborder  Theropoda 
some  respects  a  position   intermediate  between    the  Omith 


f\tt  i<6|. — ~I*hc  lift  ildc  oT  Iht  pclvli  at  AUuaur^i /hifiSti  liMn  lite  UfVCt  Jb 
Monh  Americ*.    Otie-twtlfih  namral  else-    i7.  Ilinmi  f;  itMam;^  hbii;^  ' 
(AAer  Muth.) 


and  the  Sauropoda,  although  its  members  are  more  nearly: 
to  the  latter;  with  which,  o^  already  mentioned,  it  has  b«ii 
posed  Id  group  them,  under  the  name  of  Saurischia.  In 
respects,  such  as  the  structure  of  the  teeth,  the  form  of  the  b 
mur,  the  occasional  prcaencc  of  only  two  sacral  vcrtcbnc.  "^ 
the  fonn  of  the  qtiadr&tc  bone,  certain  members  of  this  suberiw 
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Fig.  id6}.— Utcnl 
tipttt  oS  a  UMh  4f 
Myai>uu>nu  iP>ct- 
jntirff  (  rrom  ihn 
SUDMllald  Sbi«. 
Out  •  iUkJ  nalural 
>in. 

The  limh-bonea 


appro^im.iiton  iHan  the  Sauropoda  to  the  genenl> 

odilia,   although  in   iheir  hollow   limb-bones   diey  agTM 

hanker   Omithopoda.      All    (he    forms  trcrc  cariiivoroui. 

call    (fig.    1070)  th«  ptemaxillic  are  tur- 

tDogbout  with  Iccth,  which  aic  laterally 

(fig.    1065)  and    backK-ardly-  curved, 

:faant  edges,  of  which  the  ]M»tcnor,  and 

also   the  onienor,   Ijordcr   Ls   sermt4Ml ; 

tions  of  these  serratiotti  being  ^vnciaJly 

ri^t  angles  to  the  axiR  of  the  crown. 

seifa    XK   always   implanted    in    distinct 

and  the  tIcuU  has  a  Urge  preorbital  va- 

1070).     The  cenira  of  all  the  veriehne 

intenully  ;  and  their  neural  arches 

by   xygDcplwncs   (diplospbenc^)   conc- 

10   those  of  the  Squamata ;  while  the 

.  1067)  arc  much  comprcttcd  laterally. 

ire  medullary  cavities  ;  and  since  the  pectoral  limb  \f>  much 

than   the  pelvic,  it  it  probable  thai  many  forms  were  of 

habits,  although  .-iomc  may  have  been  quadrup«bl.      In 

(fi^.  1064)  the  ilium  is  of  great  vertical  depll).  and  lias  a 

proves  ;  while  the  pubis  is  dircrtcd  downwards 

and  unties  with  its  fellow  in  a  lon^f  bony  symphysis, 

generally  extended  up  the  anterior  face  of  the  two  liones  ; 

ibem  to  have  the  appearance  of  an  elongated  V\  when 

tfaia  aspect     Both  the  pubis  and  ischium  are  of  a  coni- 

j  short  and  slerxlei  type  of  structure,  and  the  latter  ii>iu.illy 

tutator  process  like  that  of  the  Ornilhopoda.     The  astra- 

usually  clowly  applied  to  the  tibia,  and  not  unfrequently 

a  long  flattened  proceiis  lying  on  the  anterior  face  of  the 

nne,   and  thu&   resemblet   the  condition  found  in   young 

Birds  before  the  anchylosis  of  the  two  bones  has  taken 

The  metatarsals  are  elongattnl,  and  the  feet  digitigradc.     In 

iras  the  number  of  the  digits  varies  from  four  to  five  ;  while 

jies  there  may  be  either  three  or  five.     And  iii  all  cases  their 

phalangeals  are  furnished  with  curved  claws,  which  in  the 

arc  very  long  and  prehcn-silc,  and  were  apparently  adapted 

•cizure  arvd  retention  of  the  living  prey. 

y  further  be  observed  that  while  the  cervical  vertebTW  arc 

ly  shoner  than  the  dorsals,  at  in  the  Omithopoda,  yet  they 

imea  longer,  like  those  of  the  Saiiropwia ;  while  the  ver- 

prches  in  the  sacrum  are  occasionally  sup]X»rted  by  single 

[as  in  the  latter.      Finally,  the  femur,  which  may  be  cither 

hat  lon^  or  shorter  than  the  tibia,  is  generally  of  a  more 

filian  type — especially  shown  in  its  flattened  head — than  in 
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Fif.  toM  —  Ool«r 
»ma  at  ibc  mmn 
of  •  WMih  of  y^tew 

•^  I  fnm  the  Lower 
K^uptr  nun  UiitioU 


any  other  Dinosaurs,  although  tt  has  a  distinct  inner  ti 
In  all  cases  the  dorsal  vertebra:  arc  amphicuclaus. 

Kamii.v  AxcHiRAVBiu-*.. — The  least  specialised  (onas 
ing  ihis  family,  of  which  ihc  name  must  he  conftidercd 

are  mainly  known  from  beds  of  Triaswc 

^k  are  typicitly  represented  by  the  Nonh 

^■^  genus  Anchisaurui  (^AmfiAisatims).     ttw 

^H^k  i-ertchne  axe  amphktKlDus;  the  pubca  ore 

^^■B  rodlilce  bon«ti ;  and  there  are  Cnt  cligitt 

^^P^H  the  manus  and  the  pes.      The   teeth  ( 

^^Lj^P  usually  have  cumparaiiTely  thicic  and  «hoTt| 

with   a   slightly    convex    posterior    boi 

inoie  or  less  oblique  serrations,  which 

whole  or  both  borders.     Th^fodanfataun 

in   the  Txjwer   Kcupcr  near   Rn'stol ;  the 

the  tv'pe  species  being  much  smaller  than 

Rgvied  in  the  woodcut.     Aiuhisaurtis  (which,  according  U 

sor  Marsh,  is  identical  with  a  form  described  at  an  earlief 

der  the  preoccupied  name  Megitdaetyl«t)  occurs  in  the  repti 

of  the  United  States  ;  but  no 
has  yet  been  presented  to 
it  differs  from  the  Euro; 
1'he  writer  lasl  quoted  inci 
family  the  .\mencan  Tn 
liaihy^atfiHS  and  Clefisjfsiuii 
of  which  are  stiU  very  imj 
known.  Here  may  be  meniil 
meruit.  Moiiospondyius,  from  tU 
system  of  South  Africa  and  lU 
st.ige  of  the  (iundwana  system) 
of  which  a  tooth  is  shown  in  < 
tp.  1 049),  and  the  ccntnim  oli 
vertebra  in  %.  1067.  Thcse| 
approximate  to  those  of  Mtgn 
and  have  a  fusiform  internal  ti 
I-inally,  i[  Is  highly  proba 
an  amphiC4£ious  cervical  ven 
tained  from  beds  of  unknowf 

V'pt-  i<«T.— Lawral  and  inliru*  &•■     20tc 


Ct>  bf  till.  f«iiiriini  of  ■  dona)  vvna. 

th*  KimaiiiKmaf  BkiDioLind.    Un*- 
)utt  Baiuni  tin. 


age   in   Bathurst    Island 

America,  and   described    on 

name    of    Arctotaurus,    indi 

Dinosaur  more  or  less   closet 

to  the  present  or  following  family.     This  vcrlelna  agrees  \ 

mateiy  in  »i«:  with  that  of  Caiamos/vndylHS  {f\^.  io;i^  bull 

cer^-ical  ribs  and  a  neural  spine ;  ihe  lenj,tfa  and  cunratur* 
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ang  indicative  of  a  long  and  arched  neck.  The  occur- 
k  Dinosaur  to  far  nonh  is  of  extreme  interest,  its  serving  to 
t  gcnem  common  lo  ihc  Old  and  New  \Vorlds  may  have 
ffrocn  the  one  hemisphere  to  the  other. 
^  MeCALOSAUKiD.t:. — In  this  Family  ihc  ccmral  vcncbne 
n  known)  shorter  than  the  dorsals,  and  may  he  either 
r  opislhoocdous ;  while  the  dorsal-s  often  have  prominent 
^tbe  haoit  of  the  arches,  hetvreen  which  are  deep  pitK  ;  the 
1  oeniia,  as  in  the  last  family,  liaving  a  fusiform  internal 
fin  the  pelvic  hmb  of  the  type  genus,  the  femiir  is  of  a  re- 
f  Crocodilian  tjpe,  and  is  longer  than  the  tibia.  The  crowns 
lUh  (fig.  1065)  ate  more  or  less  L1II.  and  much  compressed, 
1  po^erior  border  distinctly  concave,  and  the  serrations, 
kc  rtearly  at  ri^ht  angles  to  the  axis  of  the  crown,  usually 
,M  the  lower  part  of  the  anterior  border.  In  the  Lower 
of  England  we  meet  with  Palamaurui  (with  which  C/ad^-odon 
Bne  deposits  may  be  identical),  of  which  only  detached  teeth 
m.  In  the  Up|)cr  Kcuper  of  the  Coiilincnt  there  occurs 
paratfv'cly  generalised  genus  Zandodon  (liralosaums)^  which 
iprobaldy  idcn- 

y  Ptaleoiaurvs,  A  ^-^  B 

case  the  latter 
ould  be  adopt- 
c  serraiioos  on 
nor  borders  of 
ps  of  the  teeth 
\  nearly  to  the 
)ft  cervical  rcr- 
|re  amphios- 
Icre  arc  but  two 
tin  the  sacrum; 
•fttiagalus  does 
I  off  a  process 

Ig  on  to  the  anterior  surface  of  the  tibia.  One  of  the 
|Vaft  fully  an  large  a.i  Mtgahsaurus,  and  the  gcmis  was 
f  represented  in  the  Lower  l.ia.s  of  IJorsctshirc.  'the  small 
yoden  {Ankistrodon\  of  the  Panchet  stage  of  the  Indian 
Dfts,  has  teeth  (fig.  1068)  of  a  Megalosauroid  type,  in  which 
Itions  arc  totally  absent  from  ihi:  anterior  border,  and  do 
ltd  to  the  base  of  the  posterior  border. 

^rpe  genus  Mtgahsanms  has  been  tendered  classic  tluough 
DRof  the  late  Prnfes-iors  Buckland  and  Phillips,  and  affords 
lent  and  instructive  instance  of  the  gradiinl  restoration  of 
letoa  of  SJI  extinct  and  uncouth  iomi  from  more  or  le^s 
ricmainSi.    In  Europe  this  genus  raiigc»  from  the  Stoncs- 


ric  kM.— Fncncot  of  ihc  nunillble  at  F.fltmmtoivm 
{mdStmii  (ma  the  PwKrhtt  bdli  of  ihc  Gumlwanu.     Thr«« 

TnaivcMe  BMtlon  o<  tt»ih.    (Artw  Hiuky.) 
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field  Slate  (Lower  Jurassic)  of  England  to  the  topmost  Cre 
of  Maastricht  in  Holland ;  and  has  also  been  reoxded  fti 
Upper  Cretaceous  of  Southern  India.  There  is  good  evid 
the  existence  of  two  species  in  the  Wealden.  An  attemj 
restoration  of  the  skeleton  of  the  type  species  is  shown 
accompanying  woodcut  The  North  American  Aiiosatina{o 
the  pelvis  is  represented  in  fig.  1064)  appears  to  be  > 
allied  form  of  Upper  Jurassic  age.  The  nearly  entire  sk 
of  the  latter  and  other  American  forms  have  shown  thai 
very  excusable  errors  were  made  in  the  restoratioo 
imperfect  elements  of  the  skeleton  of  the  English  gem 
is  quite  evident  that  the  skull  of  Mcgaiasaurus  mu 

had  an  inferior  temporal 
and  that  it  approximatf 
or  less  closely  lo  th«t  ol 
SOUTHS  (fig.  1070),  althc 
bony  processes  of  tfa 
may  have  been  wanting. 
teeth  (fig.  1065)  the  > 
on  the  anterior  bordc 


Fig.  1069.— Restoration  a(  the  ikelclon  or  Mr^Maitna  BueHamJi;  fnui  tbc  Si 
Slate.    Gruily  reductd. 


some  cases  confined  to  the  upper  half  of  the  crown,  but  ii 
extended  nearly  throughout.  Typically  there  are  five  vert 
the  sacrum  j  the  cer\-ical  vertebrae  are  opisthocoelous ;  the  a: 
has  a  process  ascending  on  to  the  tibia  ;  and  there  were  thn 
in  the  pes  and  probably  four  in  the  manus.  In  the  North  A 
Creosaurus  we  have  an  allied  Upper  Jurassic  genus,  in  wl 
postcervical  vertebrs  have  very  deep  depressions  on  the  sides 
centra ;  and  there  are  but  two  sacral  vetebne.  In  Ceral 
of  the  Upper  Jurassic  of  North  America,  the  skull  (fig.  i 
remarkable  for  carrying  a  single  bony  protuberance  beh 
terminal  nares,  and  a  pair  of  similar  protuberances  direct); 
vance  of  the  orbits ;  while  the  mandible  has  a  lateral  vao 
that  of  the  Crocodilia,  Professor  Marsh  believes  that  I 
tuberances  on  the  skull  supported  horns.  In  the  type  specii 
three  pelvic  bones  and  the  metatarsals  were  respectively  an< 
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but  this  may  perhaps  be  due  to  a  patliological  peculbnty 

iuSdual.     'lilts  genus  U  regarded  by  its  describer  as  the 

dtsUDct  family — ihe  Ceratosaurida,      Here  may  be  men- 

nnali  and  imperfectly  known   Dinosaur  Uon\  the  Weiildcn 

tfac  name  Aritlvsuc/tut  tios  been  proposed.      The  type 

comprises  the  sacrum  and  pari  of  the  pelv-is.      It  is  cun- 

ly  its  cle*crib«r  that  the  sacrum  includes  five  vcitcbrac, 

pelvic  boiKx,  which  have  a  ion^j  vcntiat  Hj-mphyws,  were 

t  described  as  pubes,  although  it  has  been  eubiicqucntty 

B  that  they  may  be  ischix     The  dor.sal  vertebne  referred 

brm  by  Sir  R.  Owen  ha^'c  a  fusiform  inleinal  cavity  in  Ihe 

but  it  has  been  recently  liu^c^led  that   [his  reference  is 


r/  i 


mm 


-t^  Utvnt  «i(v  cf  ikotl  of  Cir*ietAinti  mtukernii :  fn/m  ihe  Vpp<r  JnniMitc 
'a.  Omdiaih  nMonl  tin.  «.  NarMi  *.  Roiiy  iiruminenr* ;  r.  Prrviblial 
1 1  f.  lAA^itatponl  (om^i  y^  Mudabuku  vacuity ;  /,  Travi'i^'prta  IjQufl,     (Xricr 


thai  this  genus  may  have  had  dorsal  vertebra:  like 
the  C<t/uride;  in  which  case  this  form  may  be  lefcrahle 
ntf,  in  which,  indeed,  it  has  been  placed  by  Professor 
I 

,T  CompsognathidjK. — This  family  is  represented  by  the 

wmfje!p*afAM   of  Ihe    Lower    Kimeridgian    Limestone   of 

laod  the  allied  or  identical  Haliopui  of  the  Upper  Jurassic 

R  America.     In  the  typical  genus — known  only  by  a  t^inglc 

cervical  vcrtcbise  are  opistlioccelous,  and  much  longer 

amphiooclous  dorsals,  and  have  free  cen-ical  ribfi.      In  the 

)«  shorter  than  the  tibia,  and  both  the  tiianus  and 
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pes  have  only  three  functional  digits ;  the  astragalus  being  d| 
applied  to  the  tibia.  The  teeth  and  pelvis  approximate  l«j 
Megalosaurian  type.  Compsognathus  was  about  two  feet  n  i 
length ;  and  undoubtedly  hopped  on  its  pelvic  limbs,  ata^ 
manner  of  a  bird.  Hallopui  is  one  of  the  few  Dinosaun  wilkl 
two  sacral  vertebrae ;  the  number  of  those  of  Comps^giiaiiaa  M 
unknown.  '< 

Family  C<ELURiDiE. — This  family  is  represented  by  companll 
small  forms,  ranging  in  size  from  five  or  six  to  about  twehel 
in  length.  They  are  characterised  by  the  vertebne  and  ribt  t| 
completely  honeycombed  by  cavities,  communicating  with  a  i 
aperture  on  the  side  of  the  centrum.  The  cervical  vertd»«J 
1071)  are  typically  longer  than  the  dorsals,  and  have  thei 
anchylosed  to  the  arch  and  centrum,  and  the  neural  spine  ledl 
to  a  mere  ridge.     The  limb-bones  are  hollow,  and  the  pdriii 


Fig.  1071.— Anlertor  and  [eft  lateral  atpKii  of  ■  cervical  vencbnof  fa  Immmftmijlm 
fram  the  Wealden  of  the  Isle  of  Wight.  Two-thinl>  iiatml  liie.  frt,  'Pnrjtffafkfm 
Po9tiy);apoph]nis;  r,  Rib  (resiored)  ;/,  Pticumaiic  (bmnen;  i,  Neuiml  qnne. 

the  ordinary  Theropodous  type,  with  a  very  long  pubic  sympt 
The  type  genus  Calurus,  typically  from  the  Upper  Juiassi 
America,  but  also  occurring  in  the  English  Wealden,  has 
cervical  vertebrje  greatly  elongated,  the  first  few  being  opi 
and  the  remainder  amphictetous.  In  Calamospondylus  (fig.  i 
the  cervicais  were  shorter,  and  were  probably  all  opisthond 
the  one  known  species  being  from  the  English  Wealden. 
fessor  Cope  includes  in  this  family  other  small  Dinosaurs 
the  Trias  of  North  America,  which  he  identifies  with  Tiii) 
pfueus,  originally  described  on  the  evidence  of  extremely  elon( 
caudal  vertebra  from  the  German  Muschelkalk,  once  refern 
the  Sauropter>-gia,  In  these  forms  all  the  cervical  ^rtebt* 
amphiccelous ;  and  the  femur  has  an  inner  trochanter.  1 
dacty/us,  which  Professor  Cope  regards  as  identical  with 
forms,  is,  as  already  mentioned,  identified  by  Professor  Marsh 
Ani:hssaun4S. 

Suborder  3.  Sauropoda. — AVith  the  third  and  last  subord 
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TJ-— IhitAr  i»i<l*  of 
rnaiiiil  (turn  ibc  U|vsr  J<^ 
Oorloll'nBtunl  tkat.    (Allii  Marth.) 


Jurawit  of  tfcnih  Aiiiulia. 


the  conakleratioi)  of  Lhe  Urs^t  known  Dinosaurs,  and 
make  so  many  marked  approxiiimtiunii  lo  the  more 
CrocodiUa  as  to  &hiivr  how  close  is  the  relationship 
I  order  and  the  Dinosauria.*  The  skull  (ftg.  1076) 
thai  of  the  Thcropoda  in  having  the  prcmaxillae  com- 
Dthixl,  and  also  in  tht  ijrcscncc  of  a  large  preorhilal 
»ut  the  external  narcs  formed  long  slits  in  the  fore  part  of 
Bs  in  Omithosaurs  and  Bird!i.  1'he  teeth  are  invariably 
inct  sockets  and  are  of  a  spatulatc  form,  n-itliout  marginal 
<fig.  1072).  The  sternal  hones  are  ovate.  All  the  vcr- 
kdvance  of  the  sacrum,  and  sometimes  those  of  that  region 

a  large  racuity 

»de  of  the  cen- 

■nunkating  with 

iotemal  cavities, 

|re  a  hontrycomb- 

to  the  whole 

This  affords  a 

ion    of    strength 

in  the  massive  supports  necessarily  required  for  the 

limbs  ^^^  muscles,  which  could  not  have  lieen  attained 

manner.     All  the  anterior  vertebrae  are  opisthocwlous  ; 

cen-ical  region  the  lihs  are  anchylosed  10  the  vertebra;, 

kn  no  neural  spines,  and  arc  longer  than  Lhe  dorsals  ;  while 

fi»  of  the  latter  are  laterally  expanded :  and  in  the  sacium 

supports  its  own  arch,     The  limb  bones  are  solid ; 

the  pectoral  limb  is  not  much  shorter  than  the  pelvic,  it 

1  these  Reptiles  were  liabitually  quadrupedal.     All  the 

plant^rade,  and  furnislied  with  live  digits  ;  those  of  the 

terminated  hy  large  curved  claws.     The  ilium  (fig.  1073) 

border  only  moderaicly  arched  and  its  postaceiabubr 

;  while  the  piibi?  (fig.  1073},  which  is  directed  down- 

fonwards,  is  stout  with  n  comparatively  small  distal  expaii- 

it  unites  by  a  oartila^iitiious  t;ymphy8is  with  its  fellow  of 

itc  side     The  ischium  (fig.  1073)  is  likewise  a  stout  bone 

with  that  of  the  Crocodilia  in  the  absence  of  an  obturator 

and  the  two  ischia  have  a  peculiar  incurv-ing  of  thcii  distal 

where  they  meet  in  a  symphysis. 

be  observed  that  in  the  lateral  views  of  ihc  pelvis  shown  in  the 
befc  the  bones  arc  drawn  more  or  less  nearly  in  a  vertical 
impossible  to  give  a  true  id»  of  the  peirulinr  contour  of  the 
mily  of  the  pubii  and  ischium.  The-»e  hones  arc  really  con- 
above  downwards  on  the  outer  (figured)  aspect,  and  convex  on 


\  Cop«  wottUl  include  ths  S«ui«|wdous  UiiwMuirt  in  tlu  Ciocodilia. 


CLASS  REPTIUA. 

the  inner  upect :  and  owin^  to  a  cnnfuiion  bciween  the 
and  outer  sides  of  itie  Kn);li»h  »ipeciincnii.  only  recently  de 
lias  been  considered  by  some  pabeontologists  iltai  then  was  la  t 
Oiffttpticc  between  the  structure  of  the  pelvis  of  the  English  aodj 
■can  forms. 

The  femur  in  its  straight  shaft  and  absence  of  an  inneri 
likewise  resembles  to  a  considerable  extent  that  of  the 


.*  y 


^ 


^-.,. 


_ftt-  ia}3'— Tho  Iril  >rde  of  tht  ptlvii  of  iJntaMMurM  titi/nu:  fnta  i^  L'pM  J* 
/,  KoniRicn  in  da   (Alicr  AUnh.) 

although  its  head  is  not  laterally  compressed  to  the  samei 
placed  aa  obliquely  to  the  distal  condyles. 

In  titne  this  suborder  ranges  from  the  Upper  Trim  to  tbe  < 
Uceoii-t,  and  it  is  especially  well  represented  in  the  Kijueridge 
and  VVealden  of  Europe. 
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Sf   Atuuttosau urn*. — This   nime    may    be   provisionally 

for  a  family  which  is  represented  by  tlic  genera  Aiianta- 

^fiatosanrus,  and  Brontotaurus^  of  ihe  Upper  Jurassic  of 

icrica,  as  wdl  as  by  allied  European  types.     In  these  liugc 

isdttutn  (fig.  1073)  IS  directed  dou'nward<>,  and  il!>  shaft  ii> 

not  bcni  upon  itself;  while  the  humerus  is  comparatively 

and  ihe  chevrons  of  the  «iudal  vcrtebric  have  their  superior 

united,     'j'hc  teeth  have  the  summit  of  the  crown  not 


■ka  IJtvcJiMaMc  of  Nartta  Amnio.    Rcdund.    (AficcCopc 

Apparently  closely  allied  to,  if  not  identical  with, 
the  abore-mentioned  genera  arc  Amphicaelias  and  Camara- 
]"of  the  same  formations.  An  anterior  doriiaC  vertebra  of 
|er  genui;  is  represented  in  the  accom|ianying  n-oodciit ;  this 
ii  b  transitional  between  the  cervicalh  and  later  dorsals,  the 
■pine  of  the  latter  bein^  absent. 

bu>r  Manhestinuiet  the  total  length  r>i Bronlostturus  M.  upwards 
;fc«i,  and  Jii  weight  at  more  than  twenty  tons ;  and  Peiofosaun/s, 
En^'liih  Wealden,  must  have  been  fully  e<]ual  to  these  dimensions. 

Kn  ai  the  former,  the  learned  American  palwontologist  obsen-cs, 
«  animal  at  times  assumed  a  more  ervci  pnniiion  than  is  ri^prc- 
I  in  the  restoration  is  probable,  but  locomotion  on  the  posterior 
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limbs  aJofic  was  hardljr  possible.    The  head  was  rcmarlutblv  trnJi 
neck  vfta  long,  nnd,  considering  its  proportions  flexible :  ^m 
lightest  portion  of  the  vcrlcbml  column.    The  bod)-  wm  quite 
tlic  abdominal  cavity  of  inodenile  si«,    .    .    .    Each  fooLpritil  i 
been  about  u  iti^uare  yurd  in  extent.    The  tail  wns  lar^c,  .ind 
the  bones  wcic  bolid.    The  diminutive  head  will  fir^t  attnci  *iv 
it  ifr  smaller  in  proportion  to  the  body  than  lu  luiy  vertebrate 
known.     The  entire  skull  is  less  in  diBRictcr  or  actual  weight  i 
fourth  or  fifth  cervical  \-vrtcbnt.   .   .   .   The  vco'  snudl  hcAdM 
nnd  alcndcr  ncuml  cord,  indic:iti!  a  >tupid.  s]ovr-inD%-iitg  rcpnllj| 
beast  was   wholly   without  otTcn^ivc  or   defensive  weapoos,  cr  i^ 
armature.    In  habiu.  lironiosaums  was  more  or  less  amphibious,  i 
food  was  probably  aquatic  plants  or  other  succulent  veKCtatioo.^ 
remains  arc  usually  found  in  localities  where  the  animals  liad  i 
become  mired." 

Of  still  more  stu[>endous  bulk  is  AtiaHtotaurus  immuuty  tlwl 
of  which  has  the  enormous  length  of  six  feet  tvo  inches,  »^ 


rrvmtbcWuldaiofthcltleafWicbi.    (Aha  Wrttbl.) 

indicates  one  of  the  largest  land  animals  yet  known;  the  only  Tot 
which  could  possibly  have  exceeded  it  being  the  Cretaceous  7>m 
aiops  mcnlioiied  above.     It  is  by  no  means  clear  that  all  tlM 
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'  tf peii   are  genericolly  disUnct    Trom    those  lo  be  now 

now  proceed  to  the  coriMderalion  of  certain  Eitro|x>an 

vfaich  boai  ihetr  tnorc  or  less  close  alliance  to  the  )>rc- 

appear  to  liclong  lo  the  same  ramily,  although  opinions 

have  \xxn  expressed.     1 1  may  be  observed  in  this 

that  the  study  of  oil  the  European  S.-iiir(i|K>da  is  t)eset 

>t   iruuimountable  ditSculties  owing  to  the  drcuinstunce 

By  all  the  !>pccimcn!>  urc  di»a»sociated,  and  thai  genera  and 

»ve  been  named  on  the  evidence  of  angle  teeth,  vertcbrsc, 

of  the  limlM  or  limb-girdles,  so  as  not  to  admit  of  cum- 

rith  one  another.     Moreover,  (he  unwieldy  bulk  of  the 

t  thenudvcs  is  a  bir  to  an  exact  comparison,  even  when 

Itrictly  comjurable  one  nnth  another. 

Doth  from  the  Wealdcn  of  the  Isle  of  \V'ight,  represented 

ptural  size  in  fig.  1073,  has  t>ccn  made  the  type  of  the 

i^irMW/Kj  {Ofilasaunis),  itrtd  it  appears  almost  certain  that 

jmd  dorsal  vertebra,  and  a  pelvis  from  the  ttame  deposits, 

S  under  the  nanw^  of  Omifhfpm  ffulkei  and  O.  ewtimrrotiii, 

■Me  to  the  iiame  form.     These  remains  indicite  a  Reptile 

Bcrmbly  smaller  dimensions  than   Braalostiiirus,  havint;   a 

i»ch  approximates  in  structure  to  that  of  AtUintmaums. 

ram,  which  has  the  downKurd  direction  characteristic  of 

nt  fxmily,  has  a  length  of  27  inches,  and  is  com))arntively 

raportion  to  the  pubin.    The  genus  PtlonnaurHi  i»  typified 

!  hoiDenis  from  the  ^V'ealden  of  SuKsex,  meosiiring  some 

\  IB  length,  which  would  appear  far  too  large  for  the  type 

f  ffirfioiayrHiy     A  slightly  L-uger  humerus  from  the  Kim- 

hjr,  origiiuJIy  described    as    Ctthtaunu   humcrtKristatus, 

genericnlly  inseparable  from  Ptioroiaurtts,   and   its  owner 

II  probabiUly  very  closely  allied  to  an  equally  large  form 

Oxford  Clay,  described  upon  llie  evidence  of  tlie  pelvis  as 

us  Letdii.     Of  the  latter  the  lumbar  and  caudal  vertebra; 

movn,  and  approxinute  closely,  both  in  size  and  contour, 

Oi  Jir<>ntesaurtt!,  the  lumbars  having  a  diameter  of  nearly 

E  across  the  centrum.      In  the  pelvis  the  ischium  mcxsuroi 

I  inches  in  length,  and  is  also  narrower  in  proportion  to  the 

Kn  in  Hopt&taurui — differences  which,  coupled  with  others, 

ubly  be  reganled  ^is,  of  generic  value.     Referring  all  the^e 

least  provisionally,  to  Ptittrmaurus,  it  would  appear  that  this 

dudes  TCiy  large  Dimotaurs  closely  allied  both  in  vertehml 

c  diaiaciers,  as  well  as  in  point  of  size,  10  BroHliiiaurus.^  al- 

m  lli«  profMrtiooi  of  ihU  lionc  and  of  the  tMliiuin  iDDnl)one<l  Lclowr 
DfTopoAdb^  dinMuioai  of  other  Dlnouun  giTCD  in  ihc  ubie  on  the 
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:ho^^h  it  is  probable  that  the  humenis  was  reladTcIy  longer, 
from  :he  KL-neiid^un  of  BoMlogne.  upon  the  evidence  of  i 
Zcr.cs  -W/a^w '»ai  foimded.  bur  which  were  subsequeniljr  id 
wiih  .ViE'eHcan  forms  de^ribed  as  Camlffdan,  are  probablf  t 
to  *he  5iine  OTcies.     Small  rertebne  from  the  Kimcndge  I 
Swi^ndon.  upon  which  Ihe  genus  Botkriespondylus  Taa 
mav  perhap*  be  referable  to  a  ver\-  young  indi^'idual  of  Ftk 
humir-^^!:tat4i  ;   while  a   coinpara.Qvdr  small   humerus 
same  depos-Ls.  orijinallj-  described  under  the  preoccupied  : 
lichyrciiMurus.  may  indicate  a  smaller  species  of  the  same 
Finally,  of  rhe  Kimendgian  remains  described   a&   Gigat 
while  <om.e  may  hi  referable  to  P.  hxmerocrista/us,  &  sacral 
may  belony  to  the  smaller  /*.  Afamseli  above  mentioned. 

Thcfi'lo-iing  table  ;jivei  thedimensionsof  someof  thebonHofc 
of  the  a'a.jve-mentioned  ioTTn«,  tojfe the r  with  thoseofothen  noticed t 
under  !he  head  of  ".he  CH:\ijjurUiP  : — 


^  w  It  ti  C 

~   «  "-  "•  ■ ' 


Lenjlii  of  *.apuU    . 

... 

'  6a 

II        Huincni!  . 

50? 

i<        ischium   . 

... 

40 

II           feitiur 

■ 

74 

70? 

Widih  of  doisal  ctntnim  . 

1.3 

M         lumlur      II 

•4 

1'        caudal       n 

IZ 

54     57 
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Family  Diplodocid.e. — The  genus  Difilodoats,  from  the  Uppt 
Jurassic  of  North  America,  is  typically  represented  by  a  species  ( 
smaller  size  than  many  of  the  preceding  forms,  and  is  regarded  b 
I'rofessor  Marsh  as  the  type  of  a  family.  It  was  originally  cw 
sidorcd  that  the  external  nares  were  single,  and  situated  at  (he  W 
of  the  skull  between  the  orbits  (fig.  1076) ;  but  it  now  appears  thi 
they  really  formed  long  narrow  slits  between  the  premaxillx,  nasal 


'  Caudal  vertcbite  of  a  lai^er  individual  are  nearly  equal  in  sue  to  thoK 

liroiilosanriis. 


the  fanhion  tibwining  in  PieTodact>'Ics  and  IJirds. 
prolnl>t«  that  a  biniiUr  arrangcmcni  exists  in  the  other 
of  ihe  suborder.  It  will  be  obscn-cd  from  the  figure 
ti^ail  bifurcates  posteriori}'  to  form  the  anterior  and  inferior 
of  the  oriHt;  while  the  quadraiojugal  joins  the  maxilla 
be  intervention  of  the  jugal,  which  is  tliruRt  up.  These 
features  arc  repeated,  is  will  be  noticed  below,  in  one 
the  Omitbo&aurii.     The  pelvis  is  of  the  general  type  of 


Om  «ulh  own!  tin.    Tha  poMtion  of  ih«  nam  ai  Ihe  ion  oT  int  ikuU  If 

he  last  biDiljr;  but  the  diiital  extremity  of  the  ischium  is 
Mle<L 

r  CiCTrosAURiDie. — This  family  b  t)-ptcal1y  represented  by 
sh  genus  Cetiosattrut,  whieh,  so  far  as  can  be  determined 
chancten  of  ihc  scapula  and  pelvis,  appears  lo  lie  so 
ated  to  the  American  Marotaurus  that  there  seems  every 
If  including  the  latter  in  the  same  family.  Cctiosauryt 
pically  in  the  Lower  Jurassic  Great  Oolite,  and  Forest- 
(  Oifordshire  and  Northaniptonahire,  where  we  meet  with 
C.  ox^muHtii.  Comparati%vly  small  teeth  from  Ihe  same 
desailred  under  the  earlier  name  of  Cardi&d^n  ruguUau, 
■  same  general  type  as  those  of  Hophiaumt,  but  have  rela- 
zller  crowns,  with  a  more  incuncd  summit,  and  are  clearly 
[rom  the  last-named  genus.  Professor  I'liitlips  referred 
this  type  to  C.  oxomcnsis,  but  from  their  small  size  they 
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would  agree  better  with  a  dorsal  vertebra  from  the  same 
subsequently  described  as  Botkriospottdylus  ro6us/us.     This 
is  somewhat  longer  than  the  dorsals  of  C.  exom'ensis,  bat 
be  generically  distinct     In  Cetiosaurus  the  caudal  vertebne 
no  distinct  postzygapophyses,  and  articulate  by  two  fimti  wA. 
chevrons,  of  which  the  upper  extremities  are  not  tmited,  ai  in 
codiles.     The  scapula  is  much  expanded  at  its  distal  extremi^, 
the  humerus,  though  long,  is  wider  and  shorter  than  in  the  ~ 
pean  forms  mentioned  among  the  Atlantosaurida.     The 
appears  to  be  of  the  same  general  type  as  that  of  Moroumna 


Y\a.  1077.— The  left  udc  oT  ihc  pelvis  of  Maresmmna  grtmMf,  from  the  Uppcr^Jnoi 
North  America-  One-sixteenth  iiAtund  tue>  d.  Acetabulum;  i7.  Ilium;  it,  Isdinim; 
Pubis.    (Aftei  Marsh.) 


1077),  in  which  the  shaft  is  bent  backwards  and  has  no  di 
expansion,  while  the  symphysis  does  not  extend  to  the  extrem 
thus  causing  the  middle  of  the  acetabular  part  to  be  far  above 
axis  of  the  shaft. 

The  typical  species  of  Cetiosaurus  is  comparatively  well  known  thro 
the  labours  of  the  late  Professor  Phillips.  This  huge  reptile  was  peril 
somewhat  smaller  than  Peiorosaurus ;  and  it  was  inferred  from  the  » 
ossified  extremities  of  the  limb-bones,  the  free  projection  of  the  heai 
the  femur  into  the  acetabulum,  and  the  lar^e  terminal  claws,  (hat  < 
creature  was  of  terrestrial  or  subaquatic  habits,  and  that  it  proha 
dwelt  on  the  banks  of  lakes  or  rivers  among  brakes  of  (ems,  cycads,  i 
conifers.     From  the  structure  of  a  tooth  {Car^odon)  found  in  the  si 
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[Cctiosaur  was  inferred  lo  have  been  of  herbivorous  habits 
irkibly  these  coDclusions  bat  c  been  coiilirmcd  by  the  discovery 
td  Ainchcaa  forms,  is  now  a  maitcr  of  history. 

iWejUden  sacra!  and  caud:il  verteVjrK  of  the  general  tyjie 
lOf  CtHcsawus,  dcMTilxrd  under  the  nnmc  of  Celiosanrus 
OtCBie  a  smaller  Torm  thnn  Hitphsaums.  ll  is  prol^Kible 
tssl  renebra  from  the  same  dt-posits,  dcscriUi-d  as  Bothrio- 
\fifft^ants,  as  veil  as  a  bumenis  and  otbn  bones  of  the 
linttK  to  which  the  name  MoroMUrus  Btckltsi  hs&  been 
trc  referable  to  the  same  form,  which  would  appear  to  he 
ly  disUiKt  from  Cilioiaurus,  and  n>ay  l)c  known  as  Moro- 
tvit.  The  dimenitions  of  sonic  of  the  bones  arc  ^ivcn  in 
I  on  p.  1176.  An  ilium,  from  the  same  beds,  clos^^ly 
I  that  of  the  American  j^enus,  and  probably  belongs  to 
t  form.  In  North  America,  Mcresaurvi  and  the  small 
fctr  are  diaiactcristic  of  the  Upper  Jurassic.     The  dorsal 

of  ihe  latter  arc  rtlatively  elongated,  and  do  not  exceed 
ic*  in  length ;  those  of  one  sjjccics  being  remarkable  for 
fy  low  neural  arches.  Small  teeth 
Wealden  (fig.  1038),  once  referred  to 
ma,  probably  belong  to  a  species  of 
^.  i'hese  teeth  are  less  spoon-iiiaped, 
poaeimate  more  to  a  compressed  cone 
ic  of  Morosaums  (Rg.  1073);  and  the 
kuroaxitts  includes  the  smallest  repre- 
B  of  the  suborder.  The  pelvis  of 
PBLT  is  shown  in  fig.  1077;  the  toeth 
(a)i  although  considerably  larger  than 
f  Cardiodon  and  PUurocalus,  exhibit 
t  incurving  of  the  crown, 
e  preceding  forms  the  centra  of  the 
enebne  are  amphiccelous ;  but  Titancsaunts,  originally  de- 
iFrom  ilic  Cretaceous  of  India,  and  subst-quenily  found  in 
bsh  Wealden  and  Upper  Oreensand,  has  precocious  centra 
i-ertcbtse.  The  femur  of  this  genus  indicatL's  an  animal  as 
Cetiosaurus. 

tins  of  oilier  Cretaceous  Sauropoda  have  received  distinct 
Dames,  but  some  of  them  may  be  identical  with  the  aWvo- 
cd  types.  Thus  we  have /?/««ibi-«j  based  on  Woken  bones 
J  Lower  Oreensand  of  Kent ;  and  ^pyutuna  founded  on  a 
I  from  the  French  Cretaceous.  MacrHretauruf,  From  the 
Ige  Greensand,  is  a  smaller  form,  with  imperfectly  procudous 
vertcbrx.  I-'inally,  the  name  Thecospondylui  has  been  ap- 
'  a  specimen  from  the  Wcilden,  of  which  e%'en  the  subordinal 

cmiiot  be  determined,  although  it  has  been  auggotcd, 


\*t.    iotS.  —  Oittcr    and 

frofili  i-itwi  cFn  inoih  af 

tram  Iha  Wnlilcn. 
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without  sufficient  foundation,  that  it  indicates  a  fora 
Ctelurus. 

Order  IX.  Crooodilia. — The  Crocodiles  of  the 
arc  well-Vnown,  bccrtiform  Reptilcii  tnhabitin}(  the  I 
and  marshes  of  the  warmei  regions  of  the  globe;  and] 
largest  exiting  representatives  of  the  entire  claw.      U  we] 
these  existing  and  specialis>ed  forms  to  deal  with,  we 
no  difficulty  in  i^ivtng  a  concise  dcfmition  which  wxiuld 
order  to  which  they  belong  from  the   Oinosauria, 
howcfcr,  in  the  I'rias  a  number  of  generalised   forms 
proximate  so  elusi-ly  to  ibt;  latter  order  as  lo  render  such  i 
extremely  dilficult;  and  it  is  quite  posiblc  that  same  of 
mentioned  characters  are  not  applicable  lu  the  first  sul 
order  is  sometimes  known  as  the  Emydosauna. 

In  b]I  the  forms  the  limits  and  body  (fig.  1079)  are  of 
form  type,  Uic  former  bcin^  vcrj-  short,  and   the  latter 


^9^ 


Fit-  lOM.— Hml  and  roTfpan  af  iti*  body(a)iitdhIn<l(iiMt*)('rrwaA.'hi/Mi 
fraoUuliu.     Mitch  mduc*!.    {AlWr  CAmlw.) 

carried  close  to  the  ground  ;  while  the  tail  is  relatively  long, 
the  exception  of  a  few  later  JurasMc  forms,  the  dorsal  aspect  \ 
tx)dy  carries  a  dermal  iiimour  of  articulating  ur  imbricating 
scutes,  arranged  in  two  or  more  longitudinal  rows  (fig.  1079 
marked  on  iheir  outer  surface  by  a  scries  of  deep  pits.  In  ( 
cases  there  may  also  be  an  armour  of  similar  type  developed 
ventral  surface  of  the  body.  The  centra  of  the  vencbrae  atr 
amphi-  or  proccelous,  and  the  neuro^rentral  suture  is  p«n 
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TOtcbne  have  double  pedunculate  cosul  tubercles, 
one  on  tlie  centrum  and  [he  other  on  the  arch ;  and  the 
nbs  ha\c  long  proee^io  projeeting  anteriorly  and  pos- 
wbich  completrfy  prevent  the  liead  from  being  turned 
iy&.  In  the  dor&aJ  region  usually  the  four  anterior  vertebrse 
tmuvene  process  for  the  articulation  of  the  tubercle  of 
placed  on  the  arch,  while  there  is  &  lower  process,  or  rib- 
,  on  the  centrum  for  the  capitulum  of  the  rib  ;  but  posteriori)' 
-Cicet  rises  on  to  the  arch,  and  in  the  midillu  cIor}>nlt>  forms 
kiod  of  *'  step  "  on  the  transverse  process,  while  still  more  pos- 
ii«tly  it  tnctgcs  with  the  lubcreular  facet,  'Ihe  dorsal  ribs  have 
lie  processes,  lilte  those  of  Birds ;  and  ihc  chc\Ton-l)onea  of 
region  usually  have  the  upper  limbs  of  the  V  not  united 


-OUi-D*Ukbi 


_      lUk  btml  airf 

I  of  nbkh  H*  ■)■  4rtiB  cUBBHaHatJDji  pvutr 


arf  Hipiriin  vicv  ottiit  liiiW  c\t Crtxntti/ui  falmfrfi ;  IniKa, 
1  a|wniin«  lo  Ihi  rifht  art  ihc  tu[jriieni[ornl  lauB.  in  ul- 
iBDHatinji  puutr lolly  uriiii  ilic  •u(r*icui(ivi<l  fuuc 


_'  btme-  Nonnallj"  the  sacrum  has  but  two  vertebrae.^  The  skull 
(Ig.  to8o)  is  rebtiveljr  large  in  proponion  to  the  body,  and  is 
Mvally  much  depressecl ;  its  eompontrnt  bones  are  firmly  united, 
M>d  generally  have  a  chaiarterislic  sculpture  on  their  externa] 
tefacei  The  palatines  and  pterygoids  unite  in  the  middle  line, 
ibd  thus  cknc  the  palate  :  and  very  frequently  one  or  both  of  these 
bones  develop  inferior  plates,  which  meet  beneath  the  narial 
(fig.  1089).  The  quadrate  is  lightly  wedged  in  among 
■  adjacent  borws  ;  the  tympanic  cAvitie!>  u»>ually  communicate  with 
mouth  by  thrcx  eustachian  canals  j  the  mandibular  symphysis 
by  suture;  and  tliere  arc  generally  no  o^ificatiuns  in  the 
derocic  of  the  cycbalL  There  is  almost  invariably  a  lateral  vacuity 
>e  mandil>le  (fig.  1093).     The  teeth  are  always  either  pointed 

*  Ai  an  atinoinialiiy  ihiM  ucraU  inny  be  prcMnL 
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Fig.  loSi.— Left  sideofihe  pelvis  of  Bvoung 
.Alligmtor.  //.Ilium:  /ijlacbium;  /",  Pubis; 
a.  ^.  i,  Accubulum,  wiih  iu  mcutfy:  F, 
Obiumor  notch :  t,  *,  Cutila(iiKNU  pro- 
cc^»0'  of  die  ischiam  And  DimiL 


and  subconical,  or  laterally  compressed.     In  the  sternal  n 
sternum  itself  is  canilaginous ;  and  there  is  a  bony  intercla^ 

generally  no  clavicle, 
pelvis  (fig.    1081)  the 
^OTt  and  deep,  withoui 
preacetabular  or  pubic  p 
the  ischium  is  stout,  aiu 
of  obturator  process ;  1 
pubis*    is  directed  do 
and  forwards,  and  is  fr 
excluded  from  the  acel 
In  r^aid  to  the  pector 
and  limbs,  it  will  suffio 
that  all  the   bones  an 
that  the  coracoid  has 
nelle,  and  may  be  eith 
or  long ;   that  in  the 
and  femur  the  heads 
perfectly  differentiated, 
the  latter  being  OHnpre! 
placed  verj'  obliquely  to  the  plane  of  the  condyles ;  while 
of  the  femur  has  no  inner  trochanter.     Moreover,  the  tibi 
cnemial   crest  at   its  proximal  extremity.     The  habits  of 
members  of  the  order  are  quadrupedal ;  and  the  feet  (Jij 
are  plantigrade,  those  of  the  hind  limbs  being  partially  web 
The  existing  Crocodiles  present  many  peculiarities  in  1 
the  soft  parts ;  but  since  we  do  not  know  whether  the  same 
occurred  in  the  generalised  fossil  forms,  and  cannot  compi 
with  extinct  orders,  it  is  unnecessary  to  allude  to  them  furtl 
This  order  is  peculiarly  interesting,  not  only  as  contai 
on  Y  existing  members  of  the  Archosaurian  branch  ;  but  a 
it  affords  a  beautiful  example  of  the  gradual  e\-o1ution  of  sf 
characters  as  we  ascend  in  the  geological  scale 

Suborder  i.  AEtosauria. — This  provisional  suborder 
hut  a  single  family,  which  Dr  Baur  places  in  the  Crocodilia, 
Professor  Cope  regards  it  as  more  nearly  related  to  the  I 
cephalia,  to  which  it  perhaps  belongs. 

Family  AgTO.sAURiD.«. — This  family  is  t)-pically  represi 
the  genus  Aeiosaurus,  of  the  Upper  Trias  of  Wiirtemberg 
form  with  Crocodilian  armour  and  limbs,  but  with  the  mi 
much  elongated,  and  approaching  in  many  points  of  its  org; 
to  the  Theropodous  Dinosauria,  to  which  Professor  Marsl 


'  It  has  been  su^estcd  that  Ihe  bone  termed 'pubis  id  the  Eusuchia 
prepubis. 
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jf  rdaied.  TSfpotherax,  with  pitted  scutes  adherent  to  the 
I  allied  form  f^rotn  the  reputed  Triaft  of  North  .Vmcrica  ; 
tfe^AOf  Co|>c  rcj^rds  xs  forcshndowinj;  in  its  dermal  skeleton 
Bcc  of  thu  Chelonia. 

PKR  2.  pARAsrcHi*. — ^Thiiextremely  generalised  suborder 
Bd  to  the  Trias,  or  kitdU  of  approximntely  eqiiiv-alem  age. 
Bctcmcd  by  the  absence  of  descending  palatal  pLites  de- 
rom  the  roof  of  the  mouth,  so  that  the  posterior  nnres  (ti^. 
CO  directl)'  into  the  latter,  without  the  intervention  of  a 
rjiaaBt^.  The  vomers  are  seen  on  the  palate;  the  middle 
w  thrvc  eustachian  canals  appearii  to  he  wanting  ^ ;  the 
nans  are  placed  in  the  middle  of  the  cranium ;  and  the 
Bc  have  typically  sonic  iwcmy-onc  teeth,  and  arc  produced 
3g  rostrum.  A  clavicle  was  prohahly  present,  the  coracoid 
:  and  rounded  like  that  of  the  Dinoaauria ;  while  the  pubis, 
SaxuSy  takes  a  share  in  the  formation  of  the  acetabulum  j 
I  foot  was  probably  furnished  with  five  digits.  The  centra 
enebtx  are  amphicwluus  :  :ind  the  dorsal  scutes  have  a 
ridge  snd  form  only  two  longitudinal  rows ;  while  those  of 
al  buckler  (when  present)  are  arranged  in  not  more  than 
HKh  rows,  and  each  scute  consists  of  a  single  bone.  This 
Scis  »-cr)-  widely  from  the  true  Crocodiles,  and  Dr  Baur 
cars  10  rvgard  it  as  a  distinct  order,  under  the  name  of 


tv  pHii"TCKAtiinD.«. — This  family  is  best  known  by  the  type 
ftoMums  {Btlod«M) :  originally  described  rrom  the  Keupcr, 


<.. 


-KctKkMnl  v{«w«f  iam  •kail  or  n^tninf^  ijll-^-TtfJ*^ ;  (mm  ih(  KeurcroT 
Math  nitnnid,    Ittt  vwniilio  In  lb>  ciBiiiiim  *n  Ibc  prewbilBl,  Eht  orbtl,  and 
■K    fAnaHcys.) 

Trias  of  Wurtcmbcrg,  but  subsequently  found  in  beds  of 

aldy  equivalent  age  in  both   India  and   North  .America. 

itull  (figs.  1083,  1083)  the  orbit  is  separated  by  a  bony  bar 

inlraiemporal  fossa ;  there  is  1  large  prcorbilal  vacuity, 


Accofding  to  Dt  Kuken. 
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and   the  supnuemponil    fos&a    is  exceedingly  smalL      The : 
reached  the  premaxillx  and  completely  suiroiuided  the 
pre^nting  a  feature  unknoim  in  any  other  vertebrate^ 
0rbii5  were  soraewhat  irrtgular  in  contour,  and  directed 
laterally,  and  in  pan  frontally.     The  teeth  are  shaip  and 


Fij;.  loSij.— Fniniil  ■nd  paLaial  upccu  of  ihe  cnniinn  of  FkylttaMnti  cjHm 

ahicnor  v^icuiiirft  an  Ihc  upper  ^i^urr  ajv  fbr  Bntcrior  rurci,  «f^  ibc  ijiis  in  ibc-  lo«f  I 
arc  ihr  po^ifrior lurcih     (After  Meyer.) 

with  serrated  an tero- posterior  ridges  (carins) ;  and  in  the 
part  of  ihe  jaw  (fig.    1084)  are  subcircular  in  transverse 
i)ut  po>tortorly  are  laterally  compressed.      There  was  no  ten 
armuur.      In  the  apparently  nearly  allied  StagonoUpis,  of  the  I'pfd 

Trias  (Keuper)  of  Elgin&hire, 
was,  however,  a  ■well-developed 
dermal  armour;  the  teeth  were 
and  swollen ;  and  the  pattern  of 
sculpture  on  the  dorsal  scutes 
different.  This  genus  was 
founded  upon  the  evidence  of  th<t 
scutes,  which  were  thought  to  have  l;elonged  to  a  Ganoid  Fisl 
The  name  Episcoposaurus  has  been  applied  to  a  North  Amaka 
Triassic  form  which  is  regarded  by  Professor  Cope  as  allied  « 
Phytosatirus. 

Family  Parasuchip^ic. — The  single  genus  Parasudius  occm 
in  the  same  lower  Mcsozoic  horizon  (Maleri  beds)  in  India  whic 


Mb-  10S4.— Tcwch  of /'Aj/rjaiifj(j 
cttnlinsrvit ',     from     the     Trijks    of 


-inauic  LTocoauia.      incK  wtrc,  indeed,  origtnall] 

two  suborders,  but  subsequent  researcheti  have  shown 

arc  K>  closely  connected  »s  to  render  such  dMsion  inad- 

In  all  ihe&e  forms  the  premaxill:e,  inaxillie,  and  palatines 

mrcnor  pnbtal  plates  meeting  in  the  midJIe  line  beiiciich 

at  (Kusage,  and  thus  complctelj''  separating  the  latter  from 

tfa,  and  causing  the  farmation  of  secondary  posterior  niircs, 

come  instances  are  situated  immediately  lichind  the  paU- 

il  in  others  (as  in  the  figure  of  Crwedi/ut  given  on  page 

Nring  to  the  dcvelojxnent  of  similar  plates  hy  the  pterygoids, 

he  bttcf  bones.     The  object  of  this  peculiar  arrangememt 

Ide  these  animab  lo  drown  their  prey  hy  holding  it  in  their 

Miths  under  water,  which  is  thus  entiiely  prevented  from 

the  air  pasuges.     A  gradual  evolution  of  this  structural 

be  traced  from  the  Ust  suborder,  where  it  is  entirely 

to  the  gcneraliiied,  and  thence  to  the  most  specialised, 

of  this  division.     Other  characteristic  features  arc  found 

terminally -situated,  and  usually  undivided,   naics ;    in  the 

earatncc  of  the  vomers  on  the  palate ;  in  the  bony  middle 

an    canal ;    and   the   presence  of  not   more  than   four  or 

b  in  the  prenaxillae.     'f'hcre  is  no  clavicle;  the  coracoid 

\  elongated  ;  the  pubis  is  entirely  excluded  from  the  nce- 

(fig.  loSt);  and  there  are  five  digits  in  the  mnniis  .nnd  four 

DCS  {fig.  I079).     'I*his  suborder  may  be  dividtit  iiuo  two 

Ecordtng  to  the  development  or  non-develojiment  of  palatal 

n  ibe  pterygoids,  and  t)tc  fonn  of  the  vcrtcbm. 

ccurrcncc  m  all  the  groups  of  the  Etisuchi;!  of  long-jawed  and 
red  forms  is  so  suggestive  of  ihc  direct  on^in  of  the  c>i&iing 
. Creon  long-jau-ed  Mcsozoiciypcs,  andof  lheCr<KO<lili-stird  Alli- 

Elbon-javtcd  form*  of  the  iamc  epoch,  thai  I)r  Kokcn  iidopis 
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portion,  but  may  be  single ;  while  in  the  transverse  rowi  a 
buckler  the  scutes  always  imbricate  anteriorly,  but  in  the  pa 
part  usually  articulate  by  suture ;  each  scute  being  invaiiablf 
posed  of  a  single  piece  of  bone. 

It  may  be  incidentally  mentioned  here  that  while  in  the  M 
region  of  the  ventral  buckler  of  all  Crocodiles  the  componeoti 
of  each  transverse  row  articulate  together  by  suture  with  dn 
either  side,  yet,  as  will  be  gathered  from  the  foregoing  dma 
in  the  posterior  portion  of  the  same  buckler  in  the  present 
the  articulation  of  the  different  transverse  rows  with  one  ■ 
may  be  either  by  suture,  or  by  imbricating  like  the  tiles  on  1 1 

The  present  series  ranges  in  time  from  the  Lias  to  the  1 
and  Middle  Cretaceous,  and  is  especially  characteristic  ( 
European  strata. 

Family  TeleosauridjE. — The  members  of  this  family  are  i 
distinguished  from  the  more  specialised  forms  by  the  arcnm 
that  the  supratemporal  fossae  are  always  much  superior  in  i 
the  orbits,  and  that  the  latter  are  completely  separated  by  i 
bar  from  the  infratemporal  fossse ;  both  these  features  bein 
shown  in  the  accompanying  figure  of  the  cranium  of  Stenm 
In  front  of  the  orbit  there  is  always  a  well-marked  vacuil 


Fig.  1085.— Upper  view  of  Lhe  crsnium  of  Sinu«tatinu  ilthtrii;  fnm  the  OxfciK 
France-  Much  reduced.  The  bones  on  Lhe  neht  side  of  lhe  ratniiD  uv  inperfKC, 
should  have  been  a  line  connecting  the  apex  of  the  frontMli  viih  the  soture  divtdiDC  tbi 
The  larEC  vacuities  behind  the  orbi«  are  lhe  wpntempon]  fouK,  below  vhich  m 
temporal  imsx. 

shown  in  the  figure) ;  the  dorsal  scutes,  when  present,  are  ro 
and  arranged  in  two  longitudinal  rows ;  while  the  ventral  bw 
divided,  and  the  component  scutes  of  the  posterior  transven 
are  united  by  suture.  The  axis  vertebra  carries  two  facets 
rib,  as  in  Dinosaurs.  The  members  of  this  family  were  of 
habits,  and  range  throughout  the  Lias  and  Jurassic  sysl 
Europe.     They  may  be  divided  into  two  subfamilies. 

In  the  subfamily  Teleosaurina  the  skull  is  generally  produc 
a  long  slender  rostrum,  like  that  of  the  existing  Gharial ;  th< 
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a  long  interval  from  ihc  premaxillae  ;  the  orbits  are 
mtour.  and  directed  more  or  k&s  completely  frontally ; 
look  more  or  less  anieriurly.  Tlie  dermal  armour 
lOped,  and  sclerotic  plates  were  not  present  in  the  eye. 
us  Tr/r^iairus  comprists  small  or  medium-sized  species, 
,Iy  characterised  by  the  Iccth  being  inclined  horizontally 
Knd  cxtrciuciy  numcroiisi.  It  is  ronfincd  to  the  Ijowcr 
Od  is  abundant  in  the  Stoncsfietd  slate  of  Oxfordithire, 
Bttly  equivalent  beds  of  Caen,  in  Normandy.  The  mosl 
genus  Is,  however,  StftKorauna  {lij{.  1085),  in  which 
trut  may  be  included,  cliaracierised  by  the  elongated 
nearly  vertical  direction  of  the  teeth,  and  the  large  size 
pntcmporal  foK»c,  which  in  some  species  attain  enormous 
In  the  Liassic  fonns,  i^pstratcd  ^fnerically  by  Eome 
Myitriosaurus,  the  orbits  are  somewhat  uhliijuc,  and  the 
iofsx  arc  nevtr  excessively  large;  but  in  the  numer- 
of  the  l-ower  and  Middle  (Oxford  Clay)  Jurassic  the 
of  the  orhitK  is  entirely  frontal,  and  the  supratemporal 
vcfy  \as%e.  Ill  the  hjjured  A.  Hebtrti,  of  the  Lower  part 
ord  Clay,  the  skull  is  somewhat  iniennedtate  in  these 
the  orbits  being  slightly  oblique,  and  the  supntlcmiwral 
This  genus  does  not  appear  to  have  survived  above 
Day.      In  PtUgosnurtti  (fig.    10S6)  we  have  an 


j^jxaj-i-i-m-t-M-^-"^*^ 


\. — It^^  taMr»l  view  of  iIm  •knll  af  Pfimftiuir*i  O'/w  -'  ^r^n  the  L'ppcr  Uju  tt 
Tim— Mil     KadDMd.    T,  Sopnumporal  fvN  ;  O,  OrlnL 

.US,  represented  only  by  two  species  of  Uassic  age  ;  it  is 

(third  from  the  precedirtg  by  several  characters ;  but  more 

■y   the  font!   of  the   posterior   nares,  and   the   smaller  and 

supratcmporal  fos&jc.     The  remains  of  tlic  small  P.  typus 

nally  abtindant  in  the  Upper  white  Li;is  of  Nomtandy,  and 

rcllously  perfect  preservation  of  iome  of  the  skeletons  bu 

the   Iwny  anatomy  of   this   sixrcics   lo  bt:   as   Lompletely 

as  in  the  case  of  an  cxislinj^  form.      In  M<i<himoiaurus,  of 

lerklge   Clay   (Upper   Jurassic)  of  both   England  and  the 

at,  and  TikiJoMurus,  of  the  Kullcrs'  l-:;arth  (Lower  Jurassic) 

andy,  we  have  two  genera  in  which  the  sicull  becomes  much 

broader,  the  (eelh  stouter  and  less  numerous,  and  the 

oblique;  and  which  thus  connect  the  present  with  the 
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next  subfamily.     MaehimosaunUy  which  occurs  both  in  Fn 
England,  is  the  largest  member  of  the  order,  the  length 
mandible  exceeding  50  inches ;  the  skuU    has  been 
Pliosaurus.      The  teeth  closely  resemble   those   of 
having  conical  and  deeply  fluted  crowns. 

With  the  second  subfamily,  or  Mttriorhynefuna,  we 
very  remarkable  group  of  Crocodiles,  presenting  certain  , 
features  unknown  elsewhere  in  the  entire  order.     The 
10S7)  is  either  of  moderate  length  or  comparatively  ihortl 
nasals  are  either  in  contact  with  the  premaxillie,  or  sepoiated 
from  by  a  short  interval ;  the  nares  are  directed  frontally ; 
are  of  very  irregular  contour,  and  placed  completely  cm  the  1 
the   skull ;    and  the  teeth,  which  are  never  very  numefoo^l 
always   of  considerable  size,   and   directed   more   w  lea 


Fig.  1087.— The  r^imoaaol  Miirierhntktithattijtri  Anm  the  Klmertdsc  Cbyef  Xa 

One-Kixlh  natural  size,    /"iJ^.  PremaxiUa ;  mj-,  MuiilLa  ;  j^  Nual ;  «,  m^f—mul  ;^,  fn 

tr,  Orliii.    (Afiet  Ueslongchampt.) 

vertically,  while  there  is  no  vacuity  in  the  mandible.     Toit 
remarkable  features  of  the  group  are,  however,  the  developn 
of  a  ring  of  bony  plates   in   the  sclerotic  of  the  eye,  and  : 
general  or  universal  absence  of  a  dermal  armour.     It  is,  indfi 
very  curious  to  notice  the  correlation  of  these  two  features,  fl 
there  is  no  known  instance  of  the  presence  of  both  sclerotic  pll 
and  of  dermal  scutes  in  any  reptile.     The  pelvis  of  this  subfiuailj 
also  worthy  of  notice.     Thus  the  ilia  are  very  small  subtriangi 
bones  articulating  with  long  and  downwardly  curved  sacral  iM 
while  the  ischia  are  enormously  large,  with  the  shape  of  an  isosodl 
triangle.    This  presents  a  remarkable  contrast  to  Steruasamnu,  «liB 
the  sacral  ribs  are  straight  and  directed  outwards,  while  the  iliSB' 
larger,  with  a  considerable  portion  projecting  above  the  costal  irti 
ulation.     In  the  genus  Mtiriorhynckus  the  skull  (fig.  1087)  ti  1 
moderate  length,  and  frequently  somewhat  slender,  with  the  frod 
region  slightly  sculptured  ;  there  is  a  more  or  less  well-marked  pi 
maxillary  expansion ;  the  prefrontals  (a)  are  very  large,  and  0* 
bang  the  orbits ;  while  the  teeth  are  curved  and  caiinated,  with  t 


ORDER  CROCODILfAT 


irSo 


ly  fluted  at  the  base  of  The  crovn,  but  without  ser- 

thc  cariruc      The  pectoral  limbs  arc  extremely  small. 

ranges  from  the  Oxford  Cby  to  the  Portland  Oolite. 

Oxford  Clay  and  Kclloway  rock,  both  of  the  Continent 

md,  we  meet   with  J/.  ikfieroliosHS  and  M.  morelt,  which 

iy   diMin^ishcd   by   the   sculpturing  of  the   froni^ls  nntl 

and    relations    of   the    prelroniaU.       Beautiful   examples 

lus  occur  in  the  Oxford  Clay  near  Peterborough,  which 

absence  of  dermal  scutes :  a  skull  from  this  locality, 

the  rume  Sttmesaurus  darycephalus  has  been  applied, 

fcrred  to  M.  su/ifra/ieius.     The  Portlandian  form  was  de- 

Sttfutfjtnnts  gnalii.     It  is  pri>l»ilile  thai  Gnathosatrus 

tAtasamnts  are  synonyms.     Hie  most  s[)ecialised  genus  is 

(Crifsaurus  or  Dawsaurui),  in  which  the  sltul!  is  com- 

shon.  and  is  do-oid  of  frontal  !>culpiure,  and  also  of  ihc 

expanston  ;  while  the  teeth  (fig.  1088)  arc  compressed, 

^and  orinated,  with  distinct  serrations  on  the  carinse.     The 

uttich  occurs  in  the  Lower  Kimcridgian  of  Bavaria, 


f 


MiL— Crv*ma(MKhefC«Ma«rw  KnaxiJinM;  'ram  ituKirovmlM  Clay arEIr- 
!  <AIWr  Wsod-MMon.) 

of  comparatively  small  size,  was  long  thought  to  belong 
Mosaiixurida.  A  much  lai^er  form,  occurring  in  the 
and  perhaps  the  Oxford,  Clay  of  England  and  the 
ing  Iwds  of  the  Continent,  has  been  deiciibed  under 
of  Dati'saMrtiSt  but  can  be  only  specifically  di»titigui.ihcd 
type;  A  tooth  is  shown  in  the  accompanying  woodcut. 
K  improbable  that  vertebne  from  the  Lower  Grecnsand  of 
jr,  described  under  the  name  of  EnalioiuekHs,  indicate  a 
^iad  form. 

embcn  of  thb  family,  of  which  the  serial  position  is  imcer- 
y  be  mentioned  small  forms  respectix'ely  from  the  Kimerid- 
Bavoria  and  Fraiicc,  to  which  the  names  jEolodcn  and 
tmMs  have  been  applied,  both  of  which  haxx  a  dermal 
the  ventral  shield  consisting  of  a  number  of  small  and 
[lined  scutes.  In  the  type  of  y£o/tfdt>n  these  scutes  arc  only 
pitted,  and  the  teeth  alternate  in  sire. 
.V  CoKiopHOUDiD^ — The  members  of  this  family  resemble 
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existing  Crocodiles  in  having  an  open  channel  connecting  dwj 
temporal  fossa  with  the  orbit.  The  orbits  themselves  m,i 
over,  usually  but  slightly  smaller  than  the  supratempofal 
only  exceed  them  but  little  in  size ;  while  there  is  do 
vacuity.  The  dorsal  scutes  are  rectangular,  and  may  be  i 
either  in  two  or  in  several  longitudinal  rows ;  while  the 
armour  may  form  either  a  single  or  a  double  buckler,  in ' 
posterior  transverse  rows  of  scutes  may  either  imbricate  or  i 
by  suture.  The  members  of  this  family  inhabited  freshi 
they  range  in  time  from  the  Purbeclc  (Upper  Jurassic)  to  thel 
den  (Lower  Cretaceous),  and  not  improbably  also  to  the 
Greensand.  Nearly  all  the  known  forms  are  European, 
genus  which  may  belong  to  this  family  is  American ;  and  the  I 
is  probably  also  represented  in  the  Cretaceous  of  India, 
subfamily  divisions  have  been  proposed,  but  before  discussiDgl 
we  may  allude  to  the  genera  Suchoseiurus  of  the  English  Wa 
and  Hyposaurus  of  the  Cretaceous  of  North  America  and 
which  not  improbably  belong  to  this  family,  although  their 
affinities  are  not  yet  satisfactorily  determined.  The  type 
former  genus  is  of  very  large  size,  and  has  the  teeth  greal^< 
pressed ;  while  in  the  latter  the  posterior  teeth  are  of  this  i 
the  anterior  ones  are  rounded  like  those  of  GcniofkoHs, 
symphysis  of  the  mandible  is  elongated. 

The  first  subfamily,  or  Petrosucfuna,  is  very  imperfectly 
and  is  represented  only  by  the  genus  Petrosuekus,  of  the '. 
I'urbeck  beds,  in  which  the  posterior  nares  are  placed 
middle  of  the  skull,  as  in  many  of  the  Teltosaurida,  and  thei 
are  considerably   smaller    than   the    supratemporal    fossae, 
cranium  itself  is  of  moderate  length. 

The  members  of  the  second  subfamily,  or  Gonioph^iditiA,  I 
the  posterior  nares  placed  more  posteriorly  than  in  the  pr 
group  ;  while  there  are  two  longitudinal  rows  of  dorsal  scutes;  i 
the  ventral  buckler  is  divided,  with  the  transverse  rows  of 
the  posterior  portion  articulating  by  suture.     In  the  first,  or 
rostrine,  section  of  this  subfamily  the  skull  is  elongated  like  i 
the  existing  Gharial ;  the  nasals  do  not  reach  the  nares,  the 
hone  enters  into  the  mandibular  symphysis,   and  the  teeth  \ 
numerous,  and  all  nearly  similar  in  size.     It  is  represented ' 
Pholidosaurus  {Afacrorhynchus)  of  the  German  and  English 
den.     In  the  Brevirostrine  section,  on  the  other  hand,  the . 
short,  like  that  of  the  true  Crocodiles,  the  nasals  sometimes 
the  nares,  the  splenial  enters  but  very  slightly  into  the  symphy 
the  mandible,  and  some  of  the  teeth  are  much  larger  thaa  < 
others.     The  dorsal  scutes  present  the  peculiarity  of  artic 
with  one  another  by  means  of  a  peg  at  one  angle  which  6ts  ii 
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tn  the  adjacent  scute  ;  an  anangcmcnt  vcr>-  similar  to  that 
in  il»c  scales  of  certain  Canuid  lishes.     The  genus  Gonio- 
T«ry  characteristic  of  the  WciUdcn  and  Furhcck,  and  has  a 
of  moderate  length,  with  the  nxsals  not  reaching  the  nn.res, 
otbtt^  rather  sonaller  than  the  >upra[cmporaI  ru».t;e.     The 
ies  attained  very  large  dimensions,   and   vis.   lonjj  since 
3wn  \o  the  world  by  the  late  Or  Mantell,  under  the  name 
Crorodile ;  its  blunt  and  grooved  teeth,  and  chaiac- 
I  scutes,  being  comparatively  common  in  the  ^^''ealdcn  stone 
of  Sussex,     This  genus  has  been  recently  recorded  from 
sic  of  North  America,  whore  it  had  been  prcviousEy  dc- 
as   Amphiiotyltts.     Allied   but  considerably  smaller  forms 
Uorsctihire  Purbeck  constitute  the  genera  Ntinnosxtchut 
niastteJats  {Bnuhjfdedes).      The  most   specialised   genus, 
appears  to  be  the  minute  Theriesuihui  of  the  Purbeck, 
in  h.iving  the  orbits  slightly  larger  than  the  supra teniporsi 
ximates  to  the  next  subfamily,  althoujjh  retaining  the 
donni  scuics  of  GtfHtofihoJis.    The  nasals  in  this  genus  reach 
tly  divide  the  nares,  as  in  the  true  Crocodiles;  and  we  thus 
comparatively  close  approximation  to  existing  forms,  which 
fttill  more  manifest  by  the  members  of  the  next  group. 
genus  Bemissartia,  of  the  Belgian  Wcaldcn,  which  forms 
of  the  subfamily  Bemissarttinte,  the  &kull  is  comparatively 
ind   broad,  and  h.ts  the  posterior  nares  placed  very  close  to 
ipital  condyle ;  while  ihe  oibit*  are  decidedly  larger  than  the 
iporal  fossae.     Like  existing  C'rucodilcs,  these  reptiles  were 
with  more  than  two  longitudinal   rows   of  dorsal  seuies 
have  no  pcg-and-sockct) ;  white  their  ventral  buckler  is  un- 
and  has  the  transverse  rows  of  scutes  imbricating  throughouL 
iblancc  to  existing  forms  being  complclcd  by  the  pectoral 
[being  considerably  shorter  than  the  pelvic;  pair.     The  verte- 
still  retained  the  primitive  amphicceloui  character, 
probable,  from  the  position  of  the  poMcrior  nares,  that  the 
ly  known  genus  UyittoeAampsa,  from  the  English  Wealden, 
1y  allied  form  of  rather  larger  dimensions ;  and  it  is  not 
that  certain  proccclous  verlebne  from  the  same  formation 
I  have  been  described  under  the  name  a{ HfUrosuchus  may  l)c- 
this  form  ;  while  others  from  the  Cambndge  lirccnsand  and 
isand  of  Austria,  which  ha^-e  been  referred  to  Crocodilus, 
indicate  albcd  reptiles,  although  there  i-t  a  possibility  that 
of  these  vcricbrse  belonged  to  the  next  scries.     It  will 
seen  that  '\K  Hjlaockamfta,  or  an  allied  form,  had  such  pro- 
vcnebrx,  it  would  only  require  the  development  of  palittal 
to  the  pterygoids  to  convert   it  into  a  Crocodilian  of  the 
type ;  and  it  is  highly  probable  that  such  a  form  once  ex- 
it, u 
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i&ted,  since  it  n  most  unlikely  that  the  change  frotn 
to  procoelou»  vertebrae  look  place  precisely  at  the  &ame  tinW 
pcerygoidt  dereluiwd  palatal  plates.     On  thu  other  hand  tbetti 
equal  firimA  fade   probability  that   these  two    chaoges 
occurred  in  the  reverse  order  to  that  indicated  above. 

B.    ProcieuaN  Seriic*;, — In   this  series   the  vcrtcbnc. 
exccptioD  of  live,  ore  procoelous ;  the  pterygoids  d<n-elop 
plates   to   prolong  the   narial  passage  (6g.    1 0S9) ;    and 

eustachian  canals  are 
bone.    The  dorsal  scutes  . 
over,  always  arranged  in 
two   longituilinal    rows : 
there  is  a  ventral  buckler 
divided,  and  invariably 
Rtore  than  eight  rom  of  i 
scutes,  in  which  each  scute] 
posed  of  two  separate  piecejl 
The  axis  vertebra  differs  I 
the  TeUmaurid4t,  in  having  I 
articulations :   its    rib 
shifted  forward  on  to  the ' 
ihc  atlafi,  or  odontoid 

Family  CKOCOuiurtc- 
sufficicnlly  known  ineint 
series  niay  be  incJtided  in 
family,  whieh  agreo  with  the  I 
pktiiidida  in  the  free  come 
of  the  infratemporal  fossa 
orbit,  which  is  considerab^'l 
than  the  suprateroponl  fo 
family  is  first  definitely  knc 
the  Upper  Cretaceous,  and 
lies  to  the  present  day, 
sented   in  the  fi^eshwaten 
of  the  warmer  regions  of  tbc  { 
If,  however,  the  proca:)ous 
mentioned   111   the    lait    series   from    the  CrcenMuxI   and  ' 
really  indicate  members  of  the  present  family,  it  will  dale 
latter  horiion.     The  form  of  the  skull  affords  grounds  for 
tional  divisions. 

The  I,ongirr>strinc  section  is  represented  at  the  present  dif 
by  the  true  Oharial  {Garlalis)  of  the  (langes,  and  Schlegel'i  (^ 
of  Borneo.  I'hc  skull  i»  produced  into  a  long  turrow  rottrua 
1091),  with  the  denial  borders  nearly  straight:  the  natdi 
extend  to  the  iiiiterior  aarcs,  and  are  frequently  scpamted 


<*«r 
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nia:  M,  matilU;  PI.  Vt.\»X\w.  Ti,  Tiuii. 
virw;  I'l.  Huryfloiil :  ^f  JoabI:  Qj,. 
QiuuiniiajuEal :  ^,  Quadrate  \  Of,  Kn-i- 
OMiraial :  CdV,  Ocriplcal  ooQilyl*:  Ort, 
Orbil  i  C4,  Porttrtar  nank 
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the  supratcmporal  fossae  are  or  somewhat  large  sijie, 

exceed  the  orbits  in  this  rcspcci ;  while  the  mandi- 

liysis  is  very  long,  and  embraces  the  anterior  portion  of 

bone.     The  teeth  are  always  numerous,  and  are  only 

'  onerjual   in  size ;  and  neither  of  ihe  existing  species  is  pro- 

veiiiral  armour.      In  this  gruup  Jikamphosuchus,  of  the 

of  the  Siwalilc  Hills  of  India,  was  a  gigantic  form  }>ru1>ab]y 

fifty  and  sixty  feet  in  length,  and  characterised  by  ihc  stout- 

ihc  tectli,  of  which  llie  uppei  series  biles  on  the  outer  side 

r,  a&  in  the  Alligators,  instead  of  interlocking  with  ihcm 

-r  members  of  this  group.     In  ThoracDsaurus,  again,  of 

kccous  of  North  America,  we  have  a  genua  teinarliablc  for 

ibe  preorhital  vacuity  of  the  Teleoiatirida,  and  in  Having 

itemporal   fos^a   larger  than  the  orbit; 

features  apparently  pointing  to   the     r^J 
It  of  this  genMS  from  the  last-named 
without  having  passed  through  the  inter- 
R«gc  of  the  Gonhpkelidida-     The  exist- 
Garialis  x>^ngetiats,  of  which  the  den- 
ts shown  in  lig.  1090,  is  one  of  the 
spedcs  of  Reptiles  of  which  remains  are 
the  Pliocene  of  the  Siwalik  Hills.     The 
(its  have  also  yielded  two  more  or  tc!i!9 
lallsrd   extinct  species;  while  in  the  somc- 
Jcr   beds  of  Sind  there  occur  two  other 
differing  considerably  in  the  form  of  the 
other  cranial  characters  from  the  existing 
iiiTe  of  the  genus.     One  of  these  extinct 
>(tf./«MKrA)'BM«*)  appears  to  have  attained 
fully  equal  10  those  of  RhamfAosuchui. 
Ghamloid  provbionaliy  referred  to  the 
genus  occurs  in  the  Middle   Eocene  of 
in  Sussex ',  while  species  from  the 
of  North    America,  which  have   been 
under  the  generic  name  of  Hoiops,  may 
be  allied  either  to  the  present  or  to  the 
1US.      In   Tamis//rma,  typically  represented 
c-nisiiiig  T.  Sch/fgtJi  of  Borneo,  may  be  in- 
thc  fossil  forms  describe*!  under  the  names 
klitoiourvi  and  Gariahsuihui  (fig.    totji).      This   genus   is 
distinguished  from  Gariaih  by  the  circumstance  that  the 
leasKl  forwards  to  articulate  with  the  prcmaxilla;  (fig.  logi), 
of  being  separated  from  them  by  a  long  interval.     A  Large 
ftjmi  (MdilosMirtts)  occurs  in  the  Miocene  of  Malta,  and  a 
lOaria/asuiJuis)  in  that  of  Austria.      Another  Charialuid, 


■ion  ol  g«ni»  (i,  tt 
httncdfh  iKt  toQth  ID 
u«  (a).  <Aftw  Owm.) 
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from  the  Upper  Cretaceous  of  France  and  Maastrichl^ 
scribed  as  Gariaiis  maa^rhymhus,  has  also  been 
eluded  in  the  same  genus.     This  form  is,  however, 


U 


fr- 


fig-  lost. — Fionuil  aspni  of  ihe  cianiuni  or  Tmmiiltm^  vtaAmrttiai  I  froalht  1 
Austria.  One-ieiitbnaiunil  tiie.  pfi.  I'renu'ilk ;  mr,  Mizilla  :  jm,  Naul:  ik,T 
■Vi  FronlKl  \  rr,  OrtnL.    Tbe  vacuiiy  tiebind  ibe  orlni  ii  ilie  infralemiHWa)  To^ 

and  Ksil. ) 

Dr  Kolten  to   Thoraeasaurus,  although  it  has  no  preorbilal 
ard  the  nasals  reach  the  premaxillae.     It  appears  to  connedl 
typical    Thsramsaurus  with  the   existing    TomUloma.      FituDy,  | 


1^^-. 


,-'<'' 


J^ 


_?'' 


>-. 


^ 


"^- 


Fie.  1092. — Ohiiquc  Icfk  Inlersl  and  luperior  view  of  Akull  of  Crp^dOmt  pmhutfitl  !■ 
Much  reduced,  Ine  two  ftcna]!  vacuities  id  the  right  are  the  »upr>tempjjl  *"■'—'  itaH 
advance  arc  ihe  orbiiii,  while  the  sinj{le  vacuity  to  the  left  ii  the  nwa ;  ihc  bOHs  in  adv^iB 
the  latter  are  the  prcmahii^K,  and  those  behind  the  nB^ab. 

imperfectly  known    Thecachampsa^    from   the    Miocene  of  No 
America,  should  probably  be  placed  in  the  present  group. 

The  second^  or  Bre\'irostrine  section,  includes  the  true  Crocodi 
and  Alligators,  and  is  characterised  by  having  the  skuH  short, 
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Ij-  «Iongat«d,  with  its  dtnlal  borders  thrown  into  distinct 
I  (fig.  loga) ;  by  the  nasals  alwa)'s  reaching  the  pretnaxillje. 
Illy  enending  down  to  the  anterior  rures  (as  in  fig.  1 0(>3) ; 
[IbeorljiL*  being  alwaj-s  larger  than  the  >ii|3ralcri|)oraI 
le  slwn  *ym|>li>^is  of  the  mandihie,  from  which  the 
[dement  is  entirely  excluded  {fig.  1093),  is  another  sltiWing 
The  teeth,  inorco\-«y,  vary  in  siie  tn  different  parts  of  the 
»nd  Usually  the  third  and  ninth  in  the  upptr,  and  the  fourth, 
t«)iKntly  also  the  fint  and  eleventh,  in  the  lower  jaw  (fig. 


mricvor  iIh  ItA  cwDui  oT  ihc  mudiUe  uT*  Cn>(«tl1e.    Kodund.    an.  AnguUr; 
liar:  M^Canaaid:  A  Dcnury:  «,  ipkniali  nc.Suranfulat;  17,  bymphy^i. 

t  considembly  larger  than  any  of  the  rest.  In  the  type 
^vcPjiAit  the  upper  and  lower  teeth  mutually  interlock  ;  the 
tr  tooth  bites  into  a  perforation  or  a  pit  in  the  cranium, 
fourth  into  a  lateral  notch  ;  while  the  third  lower  luuih  is 
TT»erc  is,  moreover,  no  ventral  armour.  This  genua  is  now 
ed  orcr  nearly  all  the  warmer  regions  of  the  globe,  and  it 
to  have  had  an  equally  extensive  disiribuiion  in  Tertiary 


irlVesI  rcpiescnt-itive  of  lliia  genus  seem*  lo  be  C.  SprtKeri,  of 
r  toccne  of  both  Enxland  .ind  Iiuly.  vhicli  waii  a  ipccics  with 
rxtively  long  muule  like  that  of  the  livlnt;  American  C.  in/t'rme- 
be  genas  ia  abo  represented  in  the  Mi^idlc  Ternaries  of  Euiopc 
ifa  America.  In  toe  Pleistocene  of  yuecnsland  «c  meet  with 
nt  the  existing  C.  ficrcsuj  (%.  io79)>  which  now  tanj^cs  from 
1  to  Eastern  India  ;  while  in  the  Pliocene  of  the  Siwnlik  Hilb  of 
ire  occur  spccici  eUnely  allied  to  the  ihi^rt-snuulexl  (.'.  palustris 
1)  of  that  country,  which  makes  iht  nearest  approacli  in  cianial 
rs  to  the  Alligators  and  their  allies. 

<€ytio4tm  is  an  extinct  genus  found  in  the  Tertinries  of  both 
and  North  America,  which  presents  characters  intermediate 
Crocodifus  and  A/figalor.  Thus  tlie  cranium  (fig,  io(j4)  is 
t  and  hroad  ;  ihe  upper  teeth  bite  on  the  outer  side  of  the 
the  fourth  lower  tooth  is  nomially  received  into  a  notch 
aaiorally  into  a  pit)  in  the  ci»niuni ;  the  third  lower  tooth 
tsthefounh;  and  there  is  a  complete  ventral  amiour, 
pe  this  genus  nuigcs  from  the  Upper  Eocene  to  the  Lower 
(Upper  Oltgocenc),  and  is  common  in  the  Tertiaries  of  the 
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south  of  England,  and  also  in  those  of  France  and  Germany;] 
of  [he  !ipecic<i   from  ihc  latter  deposits  having  been 
Atiipilor.      The  genm   has  also  been   recorded   from  the 
Eocene  of  North  America.     The  last,  and  in  respect  ofi 
characiers  the  most  specialised,  group  of  Crocodiles  U  nowi 
into  the  (wo  genera  Caiman  and  AUigatar.      In   these 
the  first  and  the  fourth  lower  tooth  are  received  into 
upper  jaw,  so  as  to  be  concealed  when  the  moutli  is 
upper  tireth  bite  on  the  miter  side  of  the  lower  ones  ;  the  1 
pixal  fossa:  arc  vcr>-  small,  and  are  occasionally  oblitc 
the  third  lower  tooth  is  smaller  than  the  fourth.      Com 
tinguished  by  the  presence  of  a  \-cntral  armour,  and  abo 
circumstance  that  the  nasals  do  not  extend  across  the  nssj 


Tig.  lOM- — OtiliqDt  ItA  Iklertl  •nd  p^Ulal  view  vT  ih*  (itcUl  pan  of  ik«  cnonn  of  J 
HuttPiufiuii :  tnm  eh*  Upper  Eocana  of  Hanp^hin.    Radxvd. 

is  now  confined  to  Central  and  South  America.  In  A/Jifi 
the  other  hand,  which  occurs  at  the  present  day  in  North 
and  China,  the  ventral  armour  is  absent  or  extremel;^  thin, 
nasak  extend  forwards  so  as  lo  divide  the  nanal  aperture, 
which  arc  probably  referable  to  Caiman  occur  in  the  PIctt 
cave-deposits  or  Brazil :  but  it  does  not  appear  that  there  it  < 
certain  evidence  of  fossil  species  of  AUigaier;  the  European,' 
probably  some  of  the  North  American  forms  which  have  been  I 
feired  to  that  ^'cnus,  belonging  to  Difl&cyntrdfiH.  Filially,  the  Ml 
IsuhnaHrui  has  Iiten  recently  applied  to  Crocodilian  remains  fit) 
the  Middle  Eoocnc  of  Krancc  which  may  really  belong  to  one  of  d 
above-mentioned  genera. 

Ohper  X.  Ornithosauria. — The  Pterodactyles,  as  the  laa 
ben  of  this  extinct  order  are  commonly  termed,  are  among  i 
most  remarkable  and  strange  Reptilian  forms  that  PaJjcontokgy  * 

'  Accoriling   lo  Ihe   smngi^ment  adopted  by   Mr  Boiil«fer  in  bb  Brit 
MuKam  (.aiiici|^c  of  this  oniec. 
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to  Us.     So  Ktrangv,  indeed,  are  they  that  some  autho- 
considered    that    Ibc 


Brorn  arc  mtitltd  to  rank 
tiiKt  class ;  but  they  are 
ly  Reptiles,  and  agree  in 
thtuic  characters  with  the 
■o  orders  placed  in  the 
now  under  consideration. 
U  organtsjtion  h,  however, 
d  for  the  purpose  of  flight 

tbc  air.  Thin  the  txidy 
iponcd  during  flight  by  a 
mous  expansion,  or  /a/a- 
iliich  w%xA  mainly  l>ome  by 
uljr  elongated  phalangeals 
ibnr,  or  outermost  digit  of 
■OS  (fig.  1 095,  maritcd  iv) ; 
dh  aUo  inctcniled  along  the 
'  tbc  I»ody  lo  cminacc  the 
mis  and  tail  (fig.  1098). 
ncbra;  are  proccelous,  and 
letr  neuTo-ceniml  suture 
the  precaudol  &criea 
lumerous :  the  cervicab  are 
the  dorsals ;  and  rroiu 
&ix  t-erieb[;e  are  an^rhy- 
pgetbcr  to  form  the  sacrum. 

."ical  ribs  in  tbosie  cases 
tbcy  haw   been  observed 
Crocodilian  lypc.     The 
1096,   1097)  is  rela- 
;  and  although   more 

btrd-Iike  in  general  con- 

t    mainlaim   the   reptilian 

the  presence  of  the  supra- 
bI  tosat,  bounded  by  the 
n  of  the  poetorhital  with  the 
MaJ  bone     Bird-lilcc  resem- 

I  are,  however,  shown  by  ^  ,^^  _  ^_  r;^.  p^,„„,  ,;„,,  „r 
cunoitance  that  the  bones  of  Srvl.v»-rt«  (««.."«f™;  ^  Si.™«B, 

„  .     1         J  1  "iJ    "inKold*   of    I'Urrdnctyfnt.     h,   Hu- 

Sill  anctiylosed  together  at  lueru.i  ^.  r«i>u>:  ■.  iiii»;  t.  Cxtpu*: 
ly  age  ;  and  that  the  two  l;^';*"-  "«"  '"'^'^  *""  '""  """"■ 
f  the  mandible  were  cotn- 

wcldcd  tO£cihcr  at  ihcir  syniph>-s]s.     Moreover,  as  in  Birds, 
■ater  portion  of  the  upper  jaws  is  formed  by  the  premoxillo* ; 
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:he  nares  are  similarly  approximated  to  the  orbits,  with  lb 
rention  of  a  preorbital  vacuity,  which  (fig.  1096)  may  b 
large ;  while  the  occipital  condyle  is  situated  on  the  base 
:ranium  ;  and  the  orbits  are  large,  and  there  is  generally  an  > 
nng  in  the  sclerotic  The  teeth  are  invariably  simple  and  p 
ind  are  always  implanted  in  separate  sockets.  In  the  i 
>irdle  the  scapula  and  coracoid  are  long  and  bird-like,  and  th 
tias  no  fontanelle ;  there  were  no  clavicles ;  but  there  was  i 
[leart-shaped  sternum  (fig.  1095,  b),  carrying  a  median  keel 
Drly.  The  angle  of  junction  of  the  scapula  and  coracoid, 
IS  the  keeled  sternum,  curiously  resemble  the  correspondin 
in  the  skeleton  of  the  Carinate  Birds,  and  are  consequendy 
unlike  those  of  the  Ratitse.  The  carpus  consists  of  two  main 
one  distal  and  the  other  proximal ;  ^  while  on  its  radial  side 
a  small  styliform  ossification,  regarded  by  Professors  Ow> 
Marsh  as  the  representative  of  the  poUex — an  identification 
if  correct,  will  make  the  four  remaining  digits  which  are 
present  the  zd,  3d,  4th,  and  5th  of  the  t3rpical  series,  and 
ist,  2d,  3d,  and  4th  as  they  are  regarded  by  some  writt 
1095).  The  phalangeals  of  the  ulnar  digit,  as  already  mer 
are  enormously  elongated,  and  the  tenninal  joint  has  n> 
The  pelvis  is  relatively  weak ;  and  although  the  ilium  is  o 
on  both  sides  of  the  acetabulum,  the  structure  of  both  thu 
and  of  the  pelvic  limbs  is  far  removed  from  the  aviai 
Thus  the  pubis  (or  prepubis)  is  directed  forwards,  and  the 
is  short  and  wide ;  while  the  pelvic  limbs  are  relatively  short 
fibula  is,  however,  always  fused  with  the  tibia ;  and  the  as 
may  also  unite  with  the  latter  bone ;  although  the  metatarsals 
remain  distinct  both  from  one  another,  and  also  from  thi 
row  of  the  tarsus.  The  greater  number  of  the  bones  are 
and  are  frequently  provided  with  pneumatic  foramina,  like  t 
Birds.  The  brain  was  bird-like,  and  the  body  was  probably 
In  time  this  order  ranges  from  the  Lias  to  the  Upper  Chal 
was  especially  abundant  in  the  Upper  Jurassic  and  Cre 
strata  of  both  the  Old  and  New  Worlds.  Although  the  s 
presents  many  remarkable  resemblances  to  the  Carinate  Bi 
these  must  be  regarded  as  mainly  due  to  adaptation  for  a 
mode  of  life ;  since  it  seems  clear  that  the  Pterodacty 
altogether  off  the  direct  line  of  the  Avian  pedigree. 

Suborder  i.  Pteranodontia.  —  In  this  suborder  te 
totally  wanting,  and  the  jaws  were  probably  completely  ensi 
in  horn,  like  those  of  Birds.  The  skull  (fig.  1096)  has  an  en 
suprnoccipital  crest,  projecting  far  behind  the  occiput ;  and  tt 

'  The  carpus  is  enoneous  in  6g.  1095. 
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ipletrly  conftucm  with  lh«  prcorbital  vacuities.     According 

Marsh,  thtse  reptiles  were  mostly  of  gigantic  size  ;  some 

■prrad  of  wing  of  nearl>-  or  quiw  25  feet     And  in  order 

)c  powerful  pktagium  in  flight,   the  pectoral   girdle  was 

Uretigthcned  by  the  anchylosis  of  several  vcrtcbnc,  and 

:  «cq>ute  articulating  to  the  spines  of  these  anchylosed 


—  t^ti  laiml  new  of  ihc  ikull  ot  PUramnim  fougictfi:  (tom  >lic  CmHROui  ti 
IMA,      OrM-mlDb  natnnl  mm.     ■>.  Nuu  uid  prverbiul  ■-».-iiti)' :  i.  Otlni;  t, 
uui;  A  Aack  of  ■audiMa;  r.  V"*'''*'*!  '■  !>TB>ph)iijt     (After  Manb-J 

1;  this  peculiar  fe;iture  being  vinually  a  repetition  of  the 
irdle  arKl  sacnim  on  a  much  larger  scale. 
V  PriiRA'toikiMli)-*. —  Thf  type  gL-nus  Pleranodon  (!ig. 
ccurs  in  the  Cretaceous  of  Noflh  America ;  and  altliouj^h 
bers  arc  generally  of  large  size,  it  i.s  also  represented  by  one 
ecics — I',  nanus.  The  coracoid  and  scapula  were  united, 
oral  aspects  of  the  jaws  have  not  the  ridge  and  groove 
Omithfithirus.  Ornitheitoma,  of  the  Cambridge  Urcen- 
ly  have  been  an  allied  form.  In  Nyft»tla{/y/ns,  of  the  North 
Cretaceous,  Professor  Marsh  thinks  that  none  of  the 
cnebra;  were  anchylosed;  and   on   ibis  account   ihc  genus 

rhaps  form  the  type  of  a  di;>tinct  family. 
UilH  2.  pTKKfJSAUKlA. — In  this,  the  typical,  suborder  teeth 
nt  in  both  jaws  ;  the  cranium  (fig.  109;)  has  no  long  supra- 
crest  directed  backwards,  and  generally  has  the  narcs  more 
completely  separated  from  the  prenrbiial  vacuities.  The 
is  (at  least  usually)  not  nnchyloscii  10  the  neural  spines,  of 
TOftebne,  which  are  distinct  from  one  another.  Thi-t  sub- 
mainly  European. 

LV  Pterodactvud*.  —  In  the  typical  family  the  tail  i» 
J.  1097);  the  jaws  are  toothed  to  iheir  cxtmnitiL-s  ;  and 
of  the  metacarpus  con<ttderul>ly  cxceed<>  half  that  of  the 
1097).  The  sliull,  which  is  extremely  bird-like,  may  he 
or  short,  and  has  the  nares  imperfecily  separated  from 
bital  vacuities :  while  in  the  pelvic  limb  the  astragalus  is 
istinct  firom  the  nhia.  In  Europe  this  family  is  especially 
ic  of  the  Upper  Jura-»<ic,  and  is  abundantly  represented 
Kiineridgian  iiiliographic  limestones  of  Bavaria,  which, 
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from  their  fine  stnicture^  have  preserved  not  only  the  smallest  1 
but  not  unftequently  also  the  impresam  of  the  VKWtbamom 
gium.  All  the  forms  which  can  be  certainly  referred  to  dm 
are  of  small  or  moderate  size.  In  Jtemodraar,  of  the  Itthag 
limestones,  we  have  a  small  Pterodac±yle  not  larger  than  a  ^^ 
with  a  skull  of  very  much  the  same  contour  as  that  of  tbe  Id 


Fig.  ingi.— Nearly  enlire  skeleton  of  FIrredatlyllt  iftcliMlii:  fttna  tbc  KJMO 
Havana.  U'he  ventral  aspect  U  tbown  ;  and  on  ibe  right  aide  tbc  ilium,  and  on  tbc  left 
<d)  it  eipowd. 

which  the  teeth  are  confined  to  the  extremities  of  the  jaws,  s 
nares  do  not  appear  to  be  separated  from  the  preorbital  va 
Pttrodactylus  itself  (of  which    Omithoaphalus'^  and  Diopu. 

'  It  has  been  proposed  to  take  Ihe  name  Omiihoetplialtu  in  place  c 
draco,  a  suggestion  which  is  entirely  opposed  to  all  ine  tulet  of  nome 
The  Rrst  use  of  the  former  name  in  this  Mtise  was  made  by  Fiu 
1826. 
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iifm&),  on  the  other  hand,  has  the  sliull  produced  into  a 

or  rostrum  (fig.  1097),  in  which  the  teeth  extend  over  a 

le  space,  and  Ih«  large  nares  are  slightly  si-paniifd  from 

■taJ  %-acuities.     The  scapub  is  not  anchyloscd  to  ihecora- 

the  pubes  are  shon  and  laundcrd  (fig.  1097),     This  genus 

to  be  oonBt>c<l  to  the  Uthographic  limestones ;  the  typical 

us  Iteing  about  the  dimensions  of  a  woodcock. 

lUy  allied  to  this  genus  is  Dermodaclylus,  of  the  Jurnasic 

th  America,  in  which  the  bones  are  said  to  have  thicker  wnlls. 

ftype  !)pecies  is  e»limated  to  have  had  a  itproid  of  wing  uf  from 

to  MX   fe«t.       Firully,  in   Cymorkam^aa,  of  the  Solcnliofcn 

s,  w«  have  a  genus  with  a  broad  expanded  beak,  like  that 

Swan,  with  the  teeth  confined  to  the  anterior  cxETc-mity.     This 

is  represented  by  a  single  species  of  comparatively  large  si2c, 

as  C.  Skeviois. 

Here  we  may  conveniently  notice  some  gigantic  Ptcrcnlact)-les 
the  Cfctaceou-s  system  of  Europe,  of  which,  owing  to  the  cx- 
lii\^iy  imperfect  remains  hitheno  discovered,  the  family  position 
be  Icl'l  undeieinimcd.     Remains  of  some  of  those  fonivs  were 
ily  r^arded  ax  Wlonging  10  BirdR,  and  described  under  the 
of  Pa&rvmis  (Wealden)  and  Cimttlwmis  (Chalk).     .A.11  these 
may  be  provisionally  included   under  the  generic  name  of 
vrvr,  although  it  is  highly  probable  that  some  of  them  may 
be  distinct ;  and  there  does  not  at  present  appear  any  very 
reasons  for  separating  a  Purlicck  form  for  which  ihc  name 
icrkymJttis  bas  been   proposed.     Many  of  these  i'terodactyles 
of  gigantic  siie ;  the  spread  of  wing  of  some  of  the  larger 
being   estimated  at  as   much  as   35   feet.       Pmhahly  the 
long;    the   jaws  were    toothed   to    their  extremities,  and 
Jy  the   upper   anterior   teeth   cur\'cd   forwardfi   to    project 
advance  of  the  muzzle,      llie  oral  surfaces  of  the  uppvr  and 
jaws    were    marked   by  a   longitudinal    ridge   and  groove; 
&kull  was  either  »hort  and  stout,  or  much  elongated ;   the 
was   often    ar>chylo«ed    to    the    coracoid ;    and    in    some 
ices  the  astragalus  united  with  the  tibia.      It  has  also  been 
ted  that  OmilhtKhirus  had  but  three  digits  in   the   manus, 
this   statement  requires  confirmaiion.       The  name    Crelomis 
been  applied  to  the  remains  of  Ornithodiinis  from  the  Chalk 
t  Bohemix 

:  Family  RMAMPHORHvr<cHiiJA. — In  this  family  the  tail  wa-s  at 
HKt  tisually  long  (as  in  fig.  109$);  the  extremities  of  the  jaws  were 
■  many  instances  edentulous;  and  the  length  of  the  metacarpus 
iii  much  less  than  half  that  of  chL-  ulna  (fig.  101J5).  The  fi.kull 
Ig.  1099)  waa  Ics^  bird-like  than  in  the  type  family,  with  the  narcs 
lied  by  a  distinct  bar  from  the  preorbilal  vacuity,  and  uras 
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often  comparatively  short  and  stout  j  while  in  some  ii 
astragalus  united  with  the  tibia.     This  family  certainly 
the  Lias  to  the  Upper  Jurassic,  but  if  Omitkotkirus  belong 
its  range   must  be  extended  to   include  the  Cretaceous.     In  l 
genus  Siapkngnatkus  (fig.  1099)  the  teeth  extend  to  the 
of  the  jaws  of  the  massive  skull,  in  which  the  nares  are  sef 
by  a  broad  bar  from  the  larger  preorbital  vacuities.     The  Oil  I 
the  type   species   is   unknown,   and   in   Goldfuss'   restoration 
1099)  it  was  made  like  that  ol  Pttrodactyius ;  but   Professor ! 
considers  that  it  was  elongated  like  that  of  RhampherhynAti 
Dlmorplwdon  (fig.   iioi).      The  type  species,  which  attains 
iiiderabile   dimensions,   Occurs    in    the    Kitlteridgiian    limestood 


P~ 


W' 


Fig.  ID9S, — ReKoratian  uf  Dimorptuidoii  Hacrenyx.     Rnjucml.     (Afler  Owmli 


Bavaria,  hut  the  genus  is  also  represented  in  the  Upper  Lias 
Whitby.  It  is  noteworthy  that  the  peculiar  form  and  relatioM' 
of  the  jugal  and  quadratojugai  found  in  the  Dinosaurian  gram 
DipfodiHiis  (fig.  1076)  also  obtain  in  Scaphagtiathui.  In  RhamphB- 
rhyn^hits,  of  the  Kimeridgian  of  Bavaria,  the  extremities  of  the 
jaws  are  usually  devoid  of  teeth  ;  while  in  the  hinder  region  the 
teeth  inclinu  forwarda  instead  ^f  having  the  nearly  vertical  direction 
of  those  of  Scaphognathiis.  The  scapula  and  coracoid  were  some- 
times anchylosed ;  the  astragalus  was  generally  distinct  from  dx 
tibia  ;  the  pes  had  either  four  or  five  digits  ;  the  pubes  were  slender, 
bent,  and  joined  by  a  bony  symphysis ;  while  the  long  tail  »» 
strengthened  by  the  ossification  of  its  tendons.  The  membranous 
]iatagium  developed  a  leaf-like  expansion  at  the  extremity  of  the  tail, 
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have  been  an  allied  genus.     In  the  Lower  Liassic  genus  D, 
odon  (fig.  iioi)  the  jaws  are  toothed  to  their  anterior  extn 

and  the  hinder  teeth  of  thi 
dible  are  much  smaller  than 
in  front.  Both  the  nares  ar 
orbital  vacuities  are  of  en 
size,  and  are  separated  by  a 
bar.  The  coracoid  is  and 
to  the  scapula;  and  the  ast 
united  to  the  tibia.  Dimm 
is  thus  the  earliest  known  re 
tative  of  the  order ;  and  tl 
species  attained  considerable 
sions.  Its  remains  occur  in  the 
shales  of  Lyme  Regis  in  Docs 
and  were  fiist  brought  to  nc 
1 8  3  3  by  the  indefatigable  Dear 
land. 

Ordinal  FosmoN  Unceri 
Here  may  be  noticed  a  genus  o 
the  serial  position  must  for  the 
remain  undecided.  It  is  kn> 
Omiihodesmus,  and  was  founde 
an  imperfect  sacrum  from  the  1 
Wealden,  which  has  been  rega: 
Avian,  although  its  right  to 
tion  from  the  Omtthosauria  : 
by  no  means  certain.  It  i 
observed  that  the  so-called  C 
pterus,  of  the  Upper  Jurassii 
stones  of  Bavaria,  said  to  b 
acterised  by  the  presence  of  oi 
digits  in  the  ulnar  digit  of  the 
and  which  has  been  regan 
Avian,  appears  to  have  been 
ed  upon  an  imperfect  specie 
Rhamphorhynckus ;  and  it  m; 
be  mentioned  that  the  name 
thopterus  is  preoccupied  by  th 
dopterous  genus  Omithoptera. 
ally,  it  has  been  suggested 
tooth   from    the  Trias   of  lb 

scribed  under  the  name  of  TribeUiodon  may  indicate  an  0 

saurian  at  that  early  period,  but  the  evidence  in  support 

view  is  at  present  wholly  insufhcient. 


Fig.  IIOI.  —  ResloreU  slt«letoii  of 
lyimorphedpK  maCTVKjx  ',  from  the 
Ixjwer  Lia«.  Rtduced.  /.  Ulnar  digit  : 
m.  Other  digits;  /,  Mciatunuii.  (After 
Owen.) 
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CHAPTER     LVI. 

CLASS  A  FES. 

General  Structure. 

The  fifth  class  of  the  Vertebrata  is  that  of  Aves,  or  Birds, 
as  we  have  already  mentioned  under  the  description  of  tb 
Rcptilia,  presents  a  number  of  characters  in  common  t 
latter.  Birds,  indeed,  as  Professor  Huxley  remarks,  are  : 
so  similar  to  Reptiles  in  all  the  most  essential  features  c 
organisation,  that  they  may  be  said  to  be  merely  an  exi 
modified  and  aberrant  Reptilian  type.  Their  diflferentiat 
however,  so  great  as  to  indicate  without  doubt  their  right  t 
a  distinct  class.  It  will  be  unnecessary  to  recapitulate  thi 
acters  common  to  Birds  and  Reptiles — together  constituti 
province  Sauropsida — and  we  may  accordingly  proceed  t 
the  distinctive  features  of  the  former  class.  It  may  be  wd 
ever,  to  observe  before  proceeding  further  that,  according 
arrangement  proposed  by  Professor  A.  Newton,  Birds  are  i 
into  three  primary  divisions  or  orders,  respectively  kno 
Saururfe,  Ratitte,  and  Carinatje ;  the  fossil  representatives  of 
will  be  noticed  in  the  next  chapter. 

In  the  first  place,  all  Birds,  so  far  as  can  be  ascertainei 
provided  with  the  peculiar  epidermal  covering  known  as  f< 
which  are  totally  unknown  among  the  Reptiles ;  while  ossifi 
in  the  dermis  are  extremely  rare,  and  never  take  the  form  o 
scutes.  No  Bird,  again,  has  procoilous  vertebrae ;  while  in 
isting  forms  the  centra  of  the  cervicals  have  cylindroidal, 
shaped,  articular  surfaces,  although  these  are  amphicoelous  in 
Mesozoic  forms.  In  no  cases  are  there  sacral  ribs  for  atta 
of  the  ilia  in  the  proper  sacral  vertebne.  The  sternum 
backwardly-produced  median  processes  for  the  ribs ;  all  of 
arc  attached  superiorly  to  its  lateral  borders.  If  an  inter 
ever  exists,  it  is  fused  with  the  clavicles  into  a  compoun 


the  fiitcuU  (fig.    1106).     N'o  Bird  has  more  tliaii  three 

in  the  nunut;  aU  of  which   may  be  furnished  wilh  claws. 

three  elemenu  of  the  pelvu  sua   nearly  always  anchylosed 

lODcihcr  in  the  adult  ^fig.    iio});  the  ilium  being  produced  in 

»<iv-n'-e  of  the  acetabulum  (of  which  the  inner  wall  1*  unossilied), 

'.'   itchtum  :in(t  pubt«  dirccttrd  backwards,  in  a  mure  or  lcs<i 

1   dtrcctioo,  and  only  very  rarely  meeting  In  a  vcntial  sj-m- 

Thc  proumal  row  of  the  tarsus  is  always  united  with  the 

i.)  funn  a  tibio-larsus ;  while  the  distal  row  coalesces  wilh  the 


-imlil  btvnl  new  of  lb*  piMt  »nil  rawld  vinnhni  of  ■  ^owl  (c.WJHi).    //,  Ilhin  ; 
iami  /V,  PuUii  ■it",  AwuVulimi  M,  DothpIiuiiIxu  V'tcMtiic.  Cd,  CBuitof  do. 


median  metatanals  to  constitute  a  tarso-metatarsus.     In  all 

tt  Bud»  only  the  rij^ht  aortic  arch  is  present ;  the  arterial  and 

circulations  meeting  only  in  the  capillaries ;  and  the  blood 

ae  of  the  above  characten  are  common  to  certain  Kepdles; 

it  is  only  the  whole  of  them  collectively  which  can  be  regarded 

tchjjactenstic  of  Birds  iu  a  cliiss. 

lotking  in  rather  more  detail  certain  features  of  the  osteology, 

ay  be  observed  that  the  skeleton   is  usually  remarkable  for  its 

>iiution  of  compactness  and  lightness,  and  also  by  Che  per- 

aon  of  ihe  greater  number  of  the  bones  by  air<aviiieM.     The 

(fig.    1 103)  is  formed  on  the  general  reptilian   t>pe,  but  is 

able  for  the  greaier  relative  development  of  llic  brain-case, 

gh  this  feature  is  nearly  [laralleled  in  the  Omithos-nuria,     The 

lent  bofKS  have  a  great   lendcnry  to  unite  in  the  adult  by 

obliteration  of  their  sutures,  and  their  texture  is  delicate  and 

»ng>-,  and  totally  unlike  the  irory-like  structure  so  generally  obscrv* 

among  Reptiles.    The  single  occipiinl  condyle,  which  in  mainly 

hy  the  bosioccipital,  is  not  plncctl  at  the  hinder  extremity 

the  cramum.  hut  becomes  shifted  forwards  and  downwards,  so 

basal  oiia  of  ihc  tatter  forms  an  angle  with  tlie  axU  of  the 


laio 
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Column.      In    Reptiles  a  simtL-ir  feature   ocmn 
ria.     'I'hc  inferior  tempoTal  arcade,  formed  by 
quzdratojugnl  (tig.  1103),  and  connecting  the  masJIa  ' 
Quadrate,  is  invariably  ])resenl,  hut  the  superior  temporal  ar 
always  wanting;  and  there  are  ne\(rr  distinct  poslorhilals  or; 
frontals.     The  complete  inclu»an  of  the  paricul-t  in  ihc  roof  1 
Ijrain-case  prevt-nts  the  funnation  of  tht  po^ttemporsl  fosae, ' 
constitute  such  x  charactcrbtic  feature  in  the  skulls  of  the 
of  Reptiles  ;  and  no  Bird  has  a  parietal  foramen.     The  hue  at  \ 
cranium  is  formed  by  the  baniocdpiul  and  basispbcnoid,  fron 
latter  of  which  proceeds  ihe  rod-hke  iphenoidal  rostrum,  np 
ing  the  anterior  pan  of  the  parasphenoid  ;  while  the  posterior  ] 
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ji^d^kkMml  view  of  (he  ilcufl  of  Ihe  Fowl.    <b.  Denun  fonioB oTdH ■ 
or,  Ania4l'|WftP>'<'°-<  /■•  Qiudnu  i  f,  SquinOHil;  m  Km«Tf  itil ;  tn,  Sapa 

«,  pBttanni /H'^MUli  /■,  L*tfaty<nal;  iH,  ^aul;  tv,  VwKr;  fmi.  l^mmti 
BilIU:  JiM;  ]li0l  :  1)/,  lJmUln.toiuBil :  fl.  Puryf  aid  :  y^.  PilUtM;  u,  launrUuli 


of  the  taiter  pertiitls  In  the  basitemporal  plate  underlying  the 
oecipitiil  and  Ijosisphcnoid.     There  is  always  a  prcorhital  (1 
nasal)  vacuity  bciwecii  the  nasal,  lachrymal,  and  maxilla  (the 
angular  space  immediately  behind  the  nasals  in  fig.    iio^)k«til 
many  Mtinct  Reptiles;  and  the  imcrorbital  septum  Is  always 
or  less   ossified.     'I'lie   narial  aperture  (tig.    1103)   is   LUcial, 
nearly  always  placed  a  short  distance  in  ad\-ance  of  the  orhili 
the  root  of  Ihe  beak.     The  jjreater  portion  of  the  latter  i«  1 
as  in  the  Oriiiihosauri-i,  by  the  prei»a\ill«,  which  coalesce  at^ 
cady  period  in  the  middle  line,  and  thus  form  a  irirodiatc  Mt*] 
giving  off  a  median  nasal  and  a  pair  of  lateral  maxillary  pr 
The  pterygoids  (fig.  1103)  ne\-er  unite  together  in  the  middle  Im 
to  form  a  completely  closed  palate  ;  and  neither  those  bones  not  (l*j 
palatines  ever  develop  inferior  palatal  plates  to  separate  the  nin^ 


GENERAL  STRUCTURE. 


1211 


from   the  mouih.     In  ihis  respect,  therefore,  the  de\'eIop- 

:  of  the  Bird's  skull  docs  not  nttain  Mich  a  special Lsnt Ion  as  that 

existing   Crocodiles,     The  quadrale  is  usually  iiiovably  at- 

to  the  -^qiLamoul ;  and  the  ftniculation  of  ihe  pa]atuptcr>'goi(l 

the  iKisipwrygmd  proce»es  of  the  spheiioidol  rostrum  h  also 

one,  by  which  rntans  the  premaxil)ur>-  beak  can  be  moved 

lin  extent  upon  Ihe  rest  of  ihe  skull.     The  vomtrs  arc 

to    great   variation.      Tbcy   underlie   the   ethmosphcnoidal 

and  when  present  .■m;  connt'cted  posienorly  with  the  [Mla- 

^  except  in  tbc  Ostrich.     The  relations  of  lhc»c  find  the  oUicr 

of  tiic  pahte  form  importan:  features  in  Professor  Huxley's 

Scalion  of  Birds;  but  since  this  i»  a  subject  to  which  the 

lion  of  the  Paleontologist  is  bul  seldom  directed,  the  reader 

of  fvirthcr  iflfonnation  must  refer  to  other  works.     The 

rl  and  the  quadratojugat  arc  slender,  rod-Iike  bont-s.  of  which 
fonner  atniculates  with  the  equally  slender  nioMlla,  and  the  latter 
'  B  hollow  KUrfare  with  the  quadmlc.  In  all  exL<iting  llirds  the 
alary  elements  of  the  two  rami  of  the  mandible  arc  always  found 
at  the  symphysis  into  a  single  bone  ;  but  in  the  CrctaccoU!> 
M>,  and  perhaps  in  other  Mesoioic  forms,  this  union  ta 
fe«:t.  There  is  frequently  a  laicral  vacuity  between  the  den- 
and  splenial,  like  that  of  the  Croeodilia.  The  angle  of  the 
liblc  may  be  cither  truncated,  or  produced  into  a  long  recun'ed 
OM  in  the  Fowls  (fig.  no.'}),  Ducks,  and  Geese,  In  exist- 
and  Tertiary  Birds  the  beak  is  cnshcalhcd  in  hum,  and  is 
ly  devoid  of  teeth ;  but  rudiments  of  teeth  ha\'e  been  found  in 
DC  Parrots.  And  in  certain  Mesoioic  forms  the  ])rcmaxilla, 
ilia,  and  dentary  bones  were  furnished  with  a  complete  series 
Iccth.  A  ring  of  bones  is  always  developed  in  the  sclerotic 
eye. 
I  some  McsoBotc  Birds  ihc  vertebral  centra  were  amphicoelotjs, 
lin  all  others  the  %'ertebnE  exhibit  certain  well-marked  peculiori- 
Thus  the  neural  articulations  are  always  well  do'eloixrd,  and 
Mtrh  a  invariably  ariicuhled  to  the  centrum.  The  neck  is 
Ry  ^xry  long ;  the  number  of  its  vtrtt-bra:  ranging  from  ei^hl 
Itttciuy-three.  The  atlas  vertebra  forms  a  thin  ring,  in  which  the 
iwrse  ligament  may  be  ossified ;  and  the  axis  nlw.iys  has  the 
niaid  process  anchylustrd  to  it.  The  sucx'ccding  ccn'icals  liavc 
'  short  neural  spines,  or  no  spines  at  all ;  the  anterior  surfaces 
[ihdr  centra  arc  cylindroidal  and  convex  from  above  downwards, 
IcMicavc  from  side  to  side,  the  reverse  condition  obtaining  pos- 
r|y  (fig.  1 104),  These  surfaces  arc  usually  dc5cril»ed  as  soddlc- 
1;^  and  there  may  be  a  haemal  spine  inferiorly.    In  the  imma- 

n«  tetM  it/ermwlmt  baa  been  proposed  for  this  tf^  of  vcrklira]  »tiuclurc. 
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turc  Ratiia;  the  ccrricals  Kavc  ribs  ailjculaltng  with  an  opperj 
lover  process,  as  in  the  Oocodilia ;  and  in  the  adult  {6g. 
these  ribs  anvliylosc  to  the  vertcbta:,  and  thus  rcsctnlric  pafd^ 
transverse  proeewes,  in  which  the  canal  (/)  staves  for  the  |ir 
of  the  vertebral  artery.'     In  adult  Caimalie  thvsc  lateral  ^c 
lh*y  may  be  termed,  become  further  modified,  and  derckfl] 
longations  for  the  piotc-ction  of  other  pana  of  the  va 
system.     'ITie  dorsal  vertebra;  arc  liable  to  variation  m  ni 
their  centra  usually  resemble  those  of  the  cervical  rcfpoo, 
the  Penguitw  the  articular  surfaces  of  sonie  may  be  spheroid 


V 


ris.  ii"*.^*}  Aiiitiior  aiiil(R)praterie>  vlewi«f  Rfcniot  •intUioT  /li4firm-*u  i 
"^  'W  C«t»<»o«n»  of  Nonh  Air-— —      -    " ■  — '--  -  -    "^ -»--       -   -■    ■»-- 


ftgai  ilx  C«t«-m«  of  Nonh  Ktanntm.  i,  Nesnl  tp«iw ;  *,  PiunaOfdiTH*  <  ■ 
phnM:  ^,  rnniTtri*  p«ix(u.(W(tiipDpAji^i  A  Rflf ruw,  or  MraponliVKt* ;  mt,  N 
/,  CODal  uiuJ.     (AflarUuvh.) 


teriorly.'     They  usually  have  well-marked  neural,  and  may  or 
not  have  inferior  median  spines;  and  they  ore  in  some 
anchylosed  together,  but  in  others  arc  susceptible  of  a 
amount  of  motion.     Tliroughout  the  whole  dorsal  series  the 
well-devt'loped  transverse  process  from  the  arch  for  the  tut 
of  the  rib  :  while  the  ccntnim  has  a  lateral  facet  for  the  lapit 
The  nielhud  of  costal  articulation  resembles,  therefore,  that  < 
in  the  first  two  dorsal  vcrtebne  of  the  Crocodilia.     These 
are  characteristic  of  all  Dirds.     The  dorsal  vertrbne  are  sv 
posteriorly  by  a  number  of  anchylosed  vertebra:  forming  the  : 
According,  however,  to  the  researches  of  l>r  Gadow,  only 
three  of  these  vertcbne  are  truly  sacral ;  those  in  front  hcloti 
the  lumbar,  and  those  behind  to  the  caudal  region.     Of  the 
sacrals  the  two  hindmost  correspond  to  those  of  the  Crocodiliit^ 
the  second  of  these  to  the  single  sacral  of  the  Amphibia.     The! 
tcbrx  articulating  with  the  ilia  do  not  develop  ribs,  but  < 


I  TkU  *muic«incnt  or  ibe  rihi  ti  prectMly  limilftr  Ift  Ihftt  nffiiin  wi 
Dlnounn,  u  t«  ihd*  n  in  fij;.  1071  (p.  1170). 

*Ctr[iitn  Waiff  and  Wading  Kiidi  sx  well  sc  Partoit,  and  ike  fcmnt 
StfU^rtiii  h.itc  opiithocfclous  donal  vcilcbnc     Tbc  I'utots  alio  hate  1 
to  tliCK  vntcLutc. 
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r'uf.  iw).— Sicnut  mAoti  ol  the 
Scipnb ;  t,  Coracold. 


p»oce»»es  placed  on  the  aich.  The  anchyloscd  &«ri« 
which  «i«  sometimes  Icrmed  uro-sacml,  are  in  some  in- 
in  Archacpteryx  and  Rhtay  followed  by  a  coniid«nible 
>r  free  vcrtcbnc,  but  more  usually  by  only  a  few,  succeeded 
riaiifjular  icrminal  bone,  known  as  the  pyioHyle  (fig-  i  io6), 
carries  the  tail  feathers  and  ^Linds,  and  reprwenis  several 
«d  vertchrx.  In  no  known  Birds  are  ossi^ed  intcrcenlral 
tts  developed,  wiih  the  exception  of  tlie  infciior  bar  uf  the 
ertebra.  Neaity  all  the  dorsal  ribs 
p  tubercular  and  capitular  pro- 
,  and  Mime  have  also  uncirute  pro- 
,  (fig.  1 1 06,  w/).  The  sternum  has 
>f  gTOiivcs  superiorly  for  the  tt- 
llic  corawids ;  and  in  the 
1105)  it  is  rhonilMjidal  and 
jt  trace  of  a  median  kcd, 
Ijmcut  taking  place  froni  tu-o 
ES.  In  the  majority  of  Cari- 
,  jXcfnum  (6g.  1 106,  si)  '\%,  how- 
,  and  has  a  strong  median 
altachincni  of  the  pectoral 
In  this  type  two  membranous 
fTe<|Ueni]y  eutl  in  the  posterior  portion,  whii'h  in  the  dry 
form  holei  or  notches,  separated  by  bony  processes,  which 
at  dimions  of  the  Mammalian  xiphiMemuni.  In  many 
IdUK,  and  especially  the  Passerines,  there  are  als.0  developed  a 
^m  manubrium  stcmi,  and  lateral  co»ul  procesMi^s  for  the  attach- 
"  the  ribs.  The  coracoid  (fig.  1 106,  e)  in  the  Carinatx  is  an 
led  hone  more  like  that  of  Crocodiles  than  that  of  Oinosaurt ; 
^no  fontanelle,  and  articulates  at  an  acute  angle  uHth  the  scap- 
which  it  UMially  remains  distinct,  ti  takes  an  equal  share 
latter  in  the  fomutinn  of  the  f;1enoid  cavity  for  the  head  of 
lerus,  and  at  its  dialal  end  may  overlap  its  fellow.  In  the 
It*  the  coracoid  (fig.  iiii)  is,  however,  generally  shorter  .ind 
K  Dinoaaurian-like,  and  may  have  a  fontanelle,  while  its  long 
■  dlbcr  coincident  or  parallel  with  that  of  the  adjacent  portion 
p  scapula,  with  which  it  is  invariably  anchylosed  In  the  ndull. 
■Capula  in  Carinatc  Birds  ^fig.  tio6,  f)  consists  of  a  thin  and 
ttw  plate  of  bone,  often  <\tcnding  backwards  to  a  considerable 

tand  without  any  suprascapula.  Occasionally  an  additional 
xl  is  developed  on  the  outer  side  of  the  scapula.  The 
il  crxb  of  both  the  scapula  and  coracoid  -ire  di\idcd  into  a 
9idal  ar>d  a  clavicular  procciu  in  this  order.  In  tlie  same  order 
datide  is  nearly  always  well  developed,  and  fuses  with  its  fellow 
jnn  the  U-shaped  furcula  (fig.  iio6,yiv);   but  in  the  Ratitie 


Ucs  of  ihc  :^--  ^-r  tt..  ■-. : 
■hu  !ura.i»:-:  .4r.- ':.'  /:;-  ■-     - 
. :  \i-i  ihc  rr.2r.j-  ;":.■-■.-  :-""-.7 
■.iih  the  f.r?:    ...":-.  i  :     .  :•. 

..langeals:  ;r.c  :v~.:r..;   ■  .--  .r. 

I.1W,      In  ex>::r_-  <  :.:::-.::-.-  j   ri- 

ire  more  or  !e>s  ■•::.■.:  II:-.      :j-.i 

■  .itssor   Wi;in;>hi.in.er,   ;■,-:■.   :"..:.:::-- 

I  yf  phalanjrcals  in  :r.i.-  :>-:  'iij::  ^,» 

■   hearing  a  ciaw  :  whiir  four  :'..:.■.:!:-.■> 

:■!  the  second  dijiit.  like  Ar:/:.,-  rr-:r-  x. 

■y.--^  is  the  terminal  phabn^i-al  ;iro\:':tol 

_  farinates  the  third  di^'it  ha-;  i';i:v  ,i 

.■  claw.     Among  the   Rniit.e   there  are 

K/ua  ;  but  W//m'.v  and  t'asuariu.'i\\M\: 

■  lawed.     There  is  usually  an  inler>|iaiv 

■  i  and  third  metacarpals  whii:li  ni;iy  l)e 

■  I  lime. 

■clvis  have  been  already  hriefly  alluded  to. 

.  hvays  produced  cunsideralily  im  liotli  sides 

-1  some  cases,  as  in  the  .'\pteryx,  the  anterior 

.•X  :  it  articulates  with  the  long   sacrum,   of 

..s  been  already  notice^l^^he  ilium  arches 
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over  itic  greater  part  of  ihc  aoetabulum,  oF  which,  as  ^itaAfi 
tioned,  the  cenUe  is  unassified,  and  has  an  exterrul  aniaibri 
for  ihe  greai  tiochanter  of  the  femur   termed  the  axti 
The  ischium  foniu.  the  hinder  half  of  the  inferior  joft  of  Ifacj 
bulum,  and  is  a  moderately  broad  bar  of  bone  directed  i 
and  backwards,  or  occasionally  backwards  (fig.    ittz). 
Carinatic  (Bg.  ttos)  it  generally  uaiics  infcriorly  with  tlw  tin 
which  mcon^  the  upper  pan  of  the  ilio-ischialic  notch  is  < 
into  a  foramen;  but  iti  tbe  Kalitx  (figs.  1107,  iitz)lhae 
such  union.     In  A'Ara  alone,  among  existing  Birds,  tbe  ischial 
in  a  ventral  syiuphysis.     'Die  pubis  is  generally  a  long  ondj 


/,  Publi:/.  ]'«caB»l|iroc«<«(<lo.:  d.  A«eiatalan.    (Alter  Mank)  [ 

bone  running  parallel  to  the  ischiunt,  and  entering  into  the  aniai 
part  of  the  lower  border  of  the  acetabulum  ;  it  freqiimtly  gitw 
a  pectineal  prucess  (fig.  1107)1  which  is  apparently  homoli 
the  preacetabtilar  process  of  the  pubis  of  the  Otnith' 
sauria.  The  Ostrich  (S/ntMo)  is  peculiar  among  hving 
having  a  iymphysis  pubis  ;  while  in  Arc^trvpferyx  alone arciiir 
pelvic  bones  separate.  The  femur  is  a  short  thick  boncrilfci, 
head  plictd  at  right  angles  to  the  shaft,  as  in  certain  Uij)UHaa( 
lis  condyles  arc  large,  and  anlero-posieriorly  elongated.  A  ;"*^ 
is  frequently  present,  .ind  may  be  double,  llie  fibula  is  al*»y»'4 
perfect  discally,  and  may  be  completely  anchylosed  to  the  tw 
The  latter,  or  tibio-Ur«us  as  it  should  be  correctly  termed,  ''"H 
characteristic  bone ;  .ind  is  .tlways  longer  than  the  fciniir-  W 
tnally  this  bone  is  expanded  and  produced  into  an  anterior  Cff^ 
process,  like  that  of  the  Ihnosauria,  which  may  extend  abow  Ot 
knee-joint;  and  the  distal  extremity  (fig.  1108,  a)  has  a  uc^^ 
like  surface,  and  consists  of  the  astragalus  of  the  tarsus.  rhJchM 
been  completely  fused  with  the  tibia.     On  the  anterior  siiitot  * 
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bove  the  Bstragaluii,  there  is  frequently  (as  in  fig. 
my  bridge  over  the  channel  for  the  extensor  tendons  of 
Ik  tarAO-nicUitarsus  (fig.  1106,  tm)  immediately  sue* 
bia  :  and  consists  proicinutlljr  of  the  diMa)  portion 
i,  -with  which  the 

mc'tataisals  of  the 

arc    usually  com-  Bl    ^  MXi 

«1  to  form  a  rod- 
lencrally  tcmninal- 

dtsul  pulley-like 
tbc  Articulation  of 
als.  In  the  Pen- 
-cr,  intcnuls  exist 

three  cnntponcDt 
le  shaft ;  and  io 
orij  two  metatar- 
>lo  the  compound 
rcnerally  the  mc- 
jsal  at  tu  distal 
t  somewhat  in  ad- 
e  other  two  (fig. 
The  fomi  of  the 
■les  of  thi«  liotK- 
icterislic  of  differ- 
if  Birds.  In  cases 
aIIux,  or  first  di)^i, 
,  It  is  only  the  dis* 

of  its  mctatarisus 
[ached  to  the  posterior  aspect  of  the  tarso-metatarsus. 
ifd  has  any  liace  of  a  fifth  digit,  and  tlic  number  of 
raiy  from  two  {0«lrich)  lo  four  (Tanots).  In  four-ioed 
)talangeal&  generally  number  a,  3,  4,  5,  reckoning  from 
lliu)  to  the  fcMinh  digit. 

ue  in  an  arithmciical  ratio  of  ihc  phalangeals  «f  the  toes,  in 
rant  ihc  inner  to  the  outer  tide  of  the  fool,  obtains  in  almost 
I  etiablei  us  readily  (o  dclert  nhicTidiKil  ■*  supiirtHMrcI,  wlicn 
Nir  are  not  all  present.  VariDiiima  uf  diffcrvni  ktn<U  exist, 
(be  number  and  dis{K»ition  of  tht  iocs.  In  many  Birds — 
'arrots— iheouteriiiosi  tot  is  lumtd  backwAids,  so  ihnt  ilicre 
in  front  and  Ino  bt-Iiind  :  whilst  in  ihcTrogons  the  inner  toe 
k  with  the  hallux,  and  the  ouicnrost  one  i^  tiimcd  forwards, 
ain,  the  ouier  toe  is  normally  dlrrrtrd  forwiinls,  but  r»n  he 
rards  at  the  will  nf  the  uniiiul.  1  n  the  Swirih,  on  the  other 
ur  toes  arc  present,  but  iticy  are  all  turned  forwards.  In 
-especially amongst  the  Anserine  birds — ihc  hallux  is  wholly 
udimeniai)-.  In  the  Emeu.  Cassowary-,  Bustards,  and  other 
invariably  absent,  and  the  foot  is  ihree-tocd.    In  the 


poriMn  <f  ihc  rigki  libuyiiRai  (a)  uxt  ltd  tana. 


Ostrich  both  the  hallux  .tndthe  second  toe  are  wanting, undlllc 
silts  simply  of  the  third  and  fourth  di^ts. 

Ill  regnrd  to  their  geological  distribution  it  should  be 
that  the  rcm>iins  v(  Birds  are  generally  by  no  means  so 
OfisiferouN  OejHJ^its  :i8  those  of  M.-iminals.  This  sc^irrit}'  is  p 
in  part  due  to  tlic  cotnparativcl)'  small  sixe  and  fragile  nanu 
boim  of  a  large  nunihcr  of  members  of  the  class ;  and  ala 
C.  Lycll  h&s  observed,  to  the  circumstance  that  "the  pa 
flight  possessed  by  most  birds  would  ensure  them  againM 
by  numerous  c:isualties  to  which  quadrupeds  arc  cxi>ONd 
floods ; "  so  that,  "  if  ihcy  chance  to  be  drowned,  or  to  (fl 
swimming  on  water,  it  will  scarcely  ever  happen  that  they 
submerged  so  as  to  become  preserved  in  scdimentaiy 
since,  from  the  lightness  of  the  bones,  the  carcass  wocW 
long  afloat,  and  would  be  liable  to  be  devoured  by  piedacet 
mals."  To  these  con^idernttons  must  be  added  the  ab$enc«  < 
in  the  great  majority  of  Birds,  whereby  we  arc  dt-privcd  of 
which  in  the  case  of  Mammak  has  thrown  most  imporui 
upon  the  nature  and  alUniiy  of  fossil  forms. 

The  earliest  suggestion  of  the  occurrence  of  Birds  is 
by  impressions  of  huge  Sauropsidan  feet  (6g.  1109)  fouod' 


\ 
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Fig.  iiag.— S*iiro|iHdaa  f«oiprini,  and  iinpmslom  oF  rain-^ren ;  Iran  ibclnwi 
CooDKticui  VkIIft.     RtducML 


reputed  Triune  MOdstone  of  the  Connecticut  Valley  in  the 
States.     These  Impressions  were  exndcntly  made  either  by  ' 
podous  Dinosaurs,  or  by  Ratitc  Birds ;  and  the  oeciurcn« ' 
tain  reptilian  bones  in  the  same  deposits  indicates  thai  at 
of  them  are  probably  of  Dmosautian  origin.     The  absence  i 


y  a  Rrptflc!  Of  the  extremely  generalised  nature  o' 
pition  is  made  in  the  next  chapter.  In  ihc  Cretaceous 
kth  America  we  lind  not  only  the  Tcniarknhle  toothed 
rcre  already  difTeremiated  into  the  KAliie  and  Carinate 
5  but  there  were  apparently  others  more  nearly  allied 
||>o.  Bind-rvinains  also  occur  rarely,  and  in  a  very 
^le,  in  the  Upper  Cretaceous  of  Europe.  With  the 
Rcr  upon  an  Avion  fauna  of  a  dvcidctlly  modem  type  ; 
rriod  of  the  I-owcr  Miocene  the  greater  number  of 
tden  were  wdl  represented. 

Bresent  lo  a  great  eXI^nt  in  the  dark  as  to  the  manner 
k  branched  oflT  from  the  primitive  Sauropi^idan  stock  ; 
t  evident  that  the  Dintxiuna  arc  tho?>c  Reptiles  most 
no  Birds,  and  that  the  C>milhusauna  arc  totally  out  of 
^inttral  line, — the  cuiious  rcscmbbncc  which  iht-y  pre- 
jte  Birds  being  Apparently  solely  due  to  their  somewhat 

tifiifc. 

h  the  mode  of  origin  of  the  Ratite  and  Carin.ite  moditica- 
Inicture,  we  may  quote  from  an  admirable  anicle  by  Pro- 
on,  who  observes  that—"  First  of  ;(1l  w«  find  that  while 
lessrd  the  teeth  tliey  had  inherited  fnmi  their  Keplitian 
remarkable  and  verydi&tinct  types  of  the  class  had  already 
rararce,  and  v^  must  note  iKal  these  two  types  are  those 
I  the  present  day,  and  even  now  divide  the  class  into  ihe 
rinato^  Furthenrtiorc,  while  the  Kaiitc  type  {Htsptromii) 
ind  of  teeth,  arrayed  m  ({Touves,  which  indicate  (in  Rep- 
\  low  mnrpl>(ilo|;ical  rank,  the  Carinaie  type  ilchthyorms) 
:h  icelh  wt  in  tuckets  and  shnwins  a  hi^'her  de^eliipiiienl. 
hand,  this  early  Carinatc  type  has  venehne,  whoic  rom- 
lle  biconcave  form  is  equally  e\  idencc  of  a  rank  unques- 
Ut  tlw  saddle-shaped  vertcbrTt-  of  the  cuntcmpomry-  Ratite 

HHSU^^MWUn  (^aaht^l   ndsilion.       kr'IV-iTnrn   has   hiwri 
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the  jaw  was  still  variable.  There  is  no  reason  to  think  that  at  ( 
any  Reptile  (with  the  exception  of  Pterodactyl es.  which,  as  k 
been  said,  are  certainly  not  in  the  line  of  Birds'  ancestor)  ha 
sternum.  Hence  it  seenis  almost  impossible  that  the  first  B 
have  had  one ;  that  is  to  say,  it  must  have  been  practically  rf 
type.  Professor  Marsh  has  shown  that  there  is  good  reason  fa 
that  the  power  of  flight  was  gradually  acquired  by  Birds,  anc 
power  would  be  associated  the  development  of  a  keel  to  the  st 
which  the  volant  faculty  so  much  depends.  .  .  .  Thus  the  Car 
would,  from  all  we  can  see  at  present,  appear  to  have  been  m 
the  Ratite."  After  observing  that  embryological  and  distribuf 
afford  support  to  this  view,  Professor  Newton  continues  a 
"  No  doubt  the  difficulty  presented  by  the  biconcave  vertebra: 
liest  known  representative  of  the  Cannate  type  is  a  considerabl 
to  the  view  just  uken.  But  Professor  Marsh  has  shown  that  ii 
cervical  vertebra  of  Icktkyomis  '  we  catch  nature  in  the  aa  \ 
of  modifying  one  fonn  of  vertebra  into  another,  for  this  singi 
in  Ichtkyornis  is  in  vertical  section  '  moderately  convex,  while  tr 
it  is  strongly  concave,  thus  presenting  a.n^r  approach  to  the ; 
articulation ; '  and  he  proceeds  tagteinf  out  that  this  specialis 
occurs  at  the  first  bend  of  the  nftl^nd,  greatly  facilitating  n 
vertical  plane,  is  'mainly  due  originally  to  its  predominance.' 
of  the  vertebnc  would  accordingly  seem  to  be  as  much  cone 
the  mobility  of  the  neck  as  is  the  fonn  of  the  stemum  with  the 
flight.  If,  therefore,  the  development  of  the  saddle  shape  be  i 
tion  of  development,  as  well  may  be  the  outgrowth  of  a  keel"  '. 
sion,  the  Professor  observes  that  the  question  must  be  rq^aid 
unsettled,  although  his  own  opinion  is  strongly  in  favour  of  i 
being  the  earlier  type. 

On  the  other  hand,  Dr  Gadow,  in  a  communication  of  later 
eludes  that  the  Ratitx  were  most  probably  descendants  v&  Bi 
formerly  possessed  the  power  of  flight ;  this  view  being  said  i 
ported  by  the  structure  of  the  wings,  and  the  nature  ofthefcatt 
young. 

In  the  following  chapter  a  brief  summary  is  given  of 
divisions  of  Birds,  with  mention  of  those  families  known 
presented  in  a  fossil  state.  It  would,  however,  exceed  the 
this  work  to  give  even  the  leading  osteological  characten 
families,  since,  owing  to  the  great  general  similarity  in  the 
of  all  Carinate  Birds,  such  characters  could  only  be  indicat 
introduction  of  a  great  mass  of  detail. 

It  should  also  be  observed  thai  the  majority  of  writers 
three  primary  divisions  of  Birds  as  subclasses,  and  the  : 
divisions  as  orders,  with  the  proviso  that  such  orders  ar 
diflerent  value  from  those  of  Reptiles.  With  the  object  ol 
this  inequality  the  view  of  Professor  Huxley,  who  has  te 
primary  divisions  orders  and  the  secondary  ones  suborders, 
followed  in  this  work. 
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Orders  Saukur^c,  Ratitx,  and  CarixaTjC. 


1.  Sauaur^. — This  exlinct  order  is  represented  only  hy 
>trryx,  arxl  may  be  characterised  by  Uie  metacarpob  being 
Mr,  and  by  the  tutl  being  lonyer  ihan  the  body,  and  not 
fiaunjt  in  a  py^osiyle. 

M>i-V  Akch-copiekvuiim!, — Anha^leryx,  in(!luding  birds  of 
I  the  ^ize  of  the  common  Rook,  is  found  in  the  tichographic 
BDites  of  Sotenhofen,  near  Pappenheim,  in  Bavniia,  which  nre 
C|vc9cntatn'e$  of  the  lower  part  of  ihc  El1gli^h  Rimeridgc  Cby. 
genus  was  first  madeknon-n  by  the  impression  ofa  single  feather, 
tucfa  Ibc  late  ProfesBOr  H.  von  Meyer  gave  the  name  A.  iUho- 
idea.  Sutieequeitily  the  greater  jKirt  of  a  KkeEetoii,  with  im- 
tioas  of  the  feathers  of  the  wings  and  tail  (fig.  1 1 1  o),  was 
oned,  vfhich  Sir  R.  Owen  named  A,  maanira ;  while  recently 
Kond  skeleton  has  been  found  which  some  writers  regard  as 
eating  a  distinct  species  from  the  first.  Of  these  two  skeletons 
former  is  prescr^'ed  in  the  British  and  the  latter  in  the  Berlin 
mm.  Professor  Carl  Vagi,  who  first  described  thi;  Berlin 
Einen,  regarded  Arehaopteryx  as  a  Reptile :  but  there  car  be 
baitaiion  in  cUlssing  it  among  the  Birds.  The  jaws  were  fur- 
led with  teeth  ;  the  vertebKe  were  biconcave ;  and  there  was  a 
k>suficd  sternum,  of  coi>^idcr.-iblc  breadth,  and  probably  pro- 
td  with  a  carin.1.  In  the  m.iniis  the  three  metacarpals  rcmamcd 
iDCt :  and  there  were  also  three  separate  digits,  each  of  which 
tcnnitutcd  by  a  claw.  In  the  pelm  the  three  component 
cicnts  exhibit  the  Reptilian  character  of  retnatning  distinct 
VghoQt  life ;  and  it  is  thought  probable  that  the  ischia  united 
I  ventral  symphysis.  The  distal  portion  of  the  fibula  is  placed 
ftont  of  the  tibia ;  and  the  metaursals  were  either  separate  or 
upetfectly  united  togcilier.     The  uil,  again  (fig.  mo), 
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wes. 


differs  from  that  of  all  other  icnovn  Birds  in  that  it 
series  of  long  vcrtcbrx:,  gradually  upering  co  the  ei 
each  of  which  carriesi  a  pair  of  feathers.     From  the 
impTcssions  o(  feathers  in  the  region  of  the  body,  tt 
thought  that  only  the  wtn^s  and  tail  had  these  appcr 
it  is  far  moa-  prolwiblc  thai  the   feathers  had   fallen  from 
as  it  \ay  on  the  uld  bea-shore,  while  tliiKC  of  the  wings  and  i 


,■•■« 


iist-T"- 


>^ 
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IS 


FIc.  iiio.— ?aTtaribiiJidcion,  HriiblinBraidMi(d'ih«taili«rt«(ihpi 


adhered  to  their  attachments.     In  the  figure  of  th«  British  Ml 
specimen  of  A.  matrura  (fig,  riio)  ihc  head  is  not  Hhown ; 
exists  in  an  imperfect  state  of  preservation  in  the  &bb.    T^l 
know  more  of  the  other  Hirds  of  the  Jumsiiir,  the  true  leUtia 
of  Anhaoputyx  to  exiitttng  fonns  cannot  be  determined. 

Orhbr  II.    Ratit.«. — 'ITie  Ratiue,  or  Sliuthioua  Birds, 
from  the  preceding  order  by  ihe  nnchylostii  of  the 
(when    present)  and   the   short  tail,  which    may   icnninaie  b  i 
pygoMyle.     They  are  further  characterised  by  the  Kiemum 
1105,    till)   being  devoid   of  a   keel;   by  the  long  axes  of 
adjacent  portions  of  the  scapula  and  coracoid  being  approxiB 
in  the  same  line  (fig.    mi),  or  at  least  forinir^  an.i 
obtuse  angle   at   their  junction;    by  the  wings   being   usdss 
flight ;  and  by  the  peculiar  characters  of  the  pelvis  (figs,   t  loj 
1 1 11),  which  have  been  already  mentioned.     Tlicre  are. 
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tt  CKatcological  characters  connected  with  the  palatal  aspect 

skull  which  cannot  be  noticed  here  ;  and  some  other  reatures 

been  nientioncd  in  the  preceding  chapter,    The  iiia»i\'e  Iwnes 

»lly  filled  with  manxiw.      In  all  forms  the  fibula  remains 

dicunct  from  the  tibia ;  and  the  daul  end  of  the  latter  frc- 


1*1  int.r—Ltli  tall  of  tbc  fftcimi  rinlle  met  iiunum  of  Unftrtntii  n/ptlit;  from  ibc 
laoMv  «f  Narlb  Antnu.  R(duui£  (,  St^^HiU  ;  h,  Huncrui  e,  CoiuukI;/,  CUrkIc; 
n«a^    lAftcr  Uanh.) 

(mly  has  no  bridge  over  the  extensor  i(.>ncIon<t.  In  all  existing 
Itas  (he  plumage  prcKnts  the  remarkable  peculiarity  that  the 
Irtlt  of  the  feathers,  instead  of  being  connected  with  one  another 
'  booked  barbutcs  as  is  usually  the  case,  are  leniote  and  di»- 
nnected    from   one  another,    pre^niing   some    resemblance    to 


lin. 


order  embraces  ibe  largest  known  members  of  the  whole 


~il 


E^h>  Uit.— L<A  hitfaf  l]w  pdritot  HiifrrmmU  rrfali'ii  fruni  ilic  Cicidimuiof  Kotth 
Awwrica.     Reouctd.     Ltiunaain  Ak.  do;.     (After  Uarah.) 

In;  anil  from  the  scattered  distribution  of  both  its  exi»tiiii){  and 
■bI  rcpTesentatives  is  evidently  an  extremely  ancient  type.  Its 
daboos  to  the  Carinatic  have  been  already  alluded  to  in  the  prc- 
■diqg  chapter.  The  order  may  lie  divided  into  two  scries,  accord- 
iBg  to  the  pnscocc  or  absctKc  of  teeth. 

VOL  II.  V 
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Toothed  Series. — In  this  extinct  series  teeth  are  proB 
the  jaws. 

Suborder  i.  Odontolc*. — The  type  and  only  known  i 
sentative  of  this  suborder  is  Hesperomis,  of  the  Cretaceous  of  I 
America.  In  this  remarkable  Bird  (fig.  1 1 13)  the  jaws  (fig.  1 
were  provided  with  a  series  of  sharp-pointed  teeth,  sunk  in  ai 
continuous  groove ;  but  the  anterior  portion  of  the  upper  }n 


Kin-  Illy— ^Su^Xov  of  Hnperfmiirttath:  rrom  the  Craacmiu  uf  Nonh  ABcrki 

About  one-Knih  natural  >at.    (After  Hanh.) 

udentulous,  and  probably  sheathed  in  a  homy  covering  like  th 
existing  Birds.  Various  parts  of  the  skeleton  are  representt 
figs,  1 1 1 1,  1 1 12,  and  II 17. 

in  its  whole  skeletal  organisation  Hesperomis  conforms  strictly  I 
cvisiinft  Ratite  type  ;  but  there  were  four  digits  in  the  pes  (all  of  i 
were  directed  forwards),  and  I'rofcssor  Marsh  believes  that  it  » 
aquatic  hiibits,  and  compares  it  to  a  swimming  Ostrich.  Accord' 
the  description  of  the  same  authority,  the  tail  consists  of  about  t 
vertebnc,  of  which  the  last  three  or  four  are  amalgamated  to  form 
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there  bcinj;  at  the  >utnc  ttiiM:  clear  indkation^  thiit  the 
blc  uf  an  up  and  down  moveincnl  in  a  veitiuil  plnnc,  thus 
ling  iiioAcrvc  aa  a  swiraminK- piddle  or  rudder.     The  vcr- 
ih«  cervical  and  dorsal  regions  arc  of  the  ordinarj'  ornithic  ly^e. 
wen  powerfully  consirmrlcd,  and  the  feet  were  adapted  to  assist 
m  r«pid  motion  (hruuKh  the  t^-aicr.    'Die  known  rcm.iins  of  ihc 
titi^rvntit  rtgedis  (fig.   iiij)  prove  it  to  hiive  bcvn  of  larger 
icn>  than  any  of  the  »<|uatic  members  of  the  class  u'lth  which 
aci^uaimcd  ai  the  present  day.     It  appears  to  have^iood  between 
d  SIX  feel  high,  and  its  inability  to  tly  is  fully  compensated  for 
nunicrous  adaptations  of  its  structure  to  a  ivaicry  life.     Its  lecth 
c  it   10  hAVc  been  ratnivortius  in  its  habits,  and  it  probably  lived 
ti-ihrs.     A  XMOiid  ipctit-»  of  this  genus  occurs  in  the  wtnc  deuosits, 
1  IS  knowTi  as  Hespfrirrmz  imtupts  ;  but  it  wiLi  orit;innUy  rcjjarocd  as 
daa*:iti^  ifi  a  distinct  tfcnus,  and  lumcd  Ltilomii. 

TooniLEis  Series. — This  scries,  which  includes  the  whole  of  the 
■anting  forms,  i«  chnnicterised  by  the  nbs«nce  of  teeth. 
SunnRitKR  3.  ■■l-^rYORNmiB. — This  suboidcT  is  rfprcscntcd  by  a 
Dg^  family,  the  jUpyomithida.  of  the  Pleistocene  of  Madagascar. 
one  lerK>wn  genus,  ^.pyornis,  i.s  characterised  by  the  shortness 
die  beak  ;  the  smalt  vingK  ;  the  absence  of  a  tibial  bridge  over 
extensor  tendons ;  and  the  )>Tcscncc  of  a  hallux  in  the  pes. 
tyjncal  /£.  maximitt  appears  to  have  atLiined  dimensions 
ling  those  of  the  larKett  »pecie»  of  Dtnomis  {to  be  sboitl}* 
);  and  eggs  have  bcrn  found  in  xs.socialion  with  the 
Dftcasunng  fotirteen  inches  in  diameter,  and  computed  to  be 
to  capacity  10  three  eggs  of  the  0^trich.  At  k-ast  tno 
icr  species  of  the  same  genus  occur  in  the  Madagascar 
■BEtorene. 

SVBOILDF.R  3.  APTEftVGES. — ^Thc  members  of  the  second  suborder 
f  this  MTies  arc  confined  to  New  Zealantl,  and  may  all  be  included 
the  family  A^terypda,  which  is  Jiow  represented  hy  the  Kiwiit 
Afttryx  (fig.  1 1 14>.  They  arc  distinguished  from  all  other  ex- 
ing  DManben  of  the  order  by  their  extremely  long  and  slender 
■k,  which  b  adapted  for  probing  the  soft  inaTsby  ground  which 
fre(|uent  in  xenrcb  of  worm.'«  and  other  fond.  Omitting  montion 
peculiar  cranial  and  ancral  characters,  it  may  )h:  ul»crved  that 
wing  has  a  coin|uratively  shun  humerus,  and  not  tnore  than 
ungual  phalai^cal.  The  tibia  is  furnished  with  a  bony  bridge 
the  extensor  tendons',  and  there  is  a  hallux  to  the  pes.  The 
,lher%  bavc  no  aftcrshafis.  Tltc  Kiwis  are  essentially  nocturnal 
in  iheir  habits.  Remains  of  the  existing  species  of  Aptcryx  arc 
jfeanil  fossil  in  the  Recent  and  Pleistocene  deposits  of  Nck-  Zealand  ; 
*hi)e  some  much  larger  hones  from  the  same  depnsiu  have  been 
tcsrnberl  by  the  late  Sir  Julius  von  Haasi  under  the  name  of 
Hfgalaptrryx,  whirb  appcurs  to  have  been  a  giant  form  closely 
CO   tbc  ousting  genus. 
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Suborder  4,  Immakes. — This  recently  extinct  groups 
Ust,  is  almost  peculiar  to  New  Zealand,  and  compmcs  son 
largest  known  Birds.  The  beak  (fig.  1115)  is  sbon  ;  the 
either  very  Hinall  or  totally  wanting;  the  tibia  has  a  d»ttli 
over  the  extensor  tendons ;  and  in  Kome  instances  (here  I 
hallux  in  the  pc-i.  The  characters  of  the  skull  and  pehfb' 
nearest  to  those  of  the  next  siuhorder,  and  the  featherx  have) 
shafts.  I'hia  group  iias  k«en  divided  into  the  Dinomitkidt  i 
Paiapterjgiday  on  account  of  the  absence  of  the  hallux  in  < 
former.  Although  this  distinction  has  been  doubted  l>y 
wTitcrs,  who  consider  tliat  Dinornis  had  a  hallujc,  it  appcan  M 


---£-A 


rit|.  \\\^—AKtryx  mmf^itt.  Hew  EBdkad. 

a  valid  one.  Apart,  however,  from  this  point,  according  to  tlic 
Sir  J.  von  Haait,  the  i'alapttry^da  were  provided  witJi  r 
menlary  win){s,  while  in  the  Dinomithida:  Lhoae  appcnda^ci  1 
totally  absenL  Mr  De  VLs  has  described  some  bird-bono  I 
the  Pleistocene  of  Queensknd  under  the  name  of  Diit»mii  ^m 
iandia  ;  this  Itein^  the  only  instance  in  which  remains  i>f  ihitgn 
have  been  recorded  elsewhere  than  in  New  Zealand.  Sir  ^  1 
Haast  proposes  to  divide  the  Palapttrygida  into  Piilaftrryx  I 
£uiyapUryx^  and  the  Dinomithida  itito  Dinomit  and  MJtiNnA 

The  first  evidence  of  ihe  existence  »f  this  marvelloa*  eroap  wasafloc 
by  a  fratpncnt  of  the  shaft  of  one  of  the  bones  of  the  leg  Drought  U 
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Owen  at  a  time  when  ihc  cxiatcncc  of  s«ch  huRP  Birds  wai 

basuspcctcd,  nnd  upon  which  oidcnce  he  founded   ihc   type 

Tlui  the  Mn.m,  ns  thnc  Birds  arc  icnncd  by  the  M.iories  of 

^Ztalanrf,  tuivc  only  lircn  exicmtinated  at  a  compaia lively  recent 

i  jmwr*!  by  ihe  ociuirrnte  of  nearly  mlirc  ^tkclciuns  with  the  skin 

trs  Mill  adhering:  to  them,  x»  iiifcll  »■>  hy  fnijjTnent*  of  the  ckk* 

ibcir  oriinaal  palc-gneen  colour.    The  UrKCit  tpcck's  i»  ff. 

of    vhicb   ihc  loul   height   wa»  about   icn   feet,  the  tibia 

a  yard  in  length.     Another  species,  D.  fltp/iofttepus  (fig. 


,  ttn  •  fl»  !■  wn  if /*■'■■  I  III  I  i/r/>l«->/V*>( :  fmni  ih*  PltlMocin*  oIKtw  Zctluid. 
(kuily  reiiufld.    (Alter  Ovio.) 

I),  slihough  not  standing  more  than  about  six  feet  in  height,  was  of 
■  more  ina§sive  construciion.  the  tuc-bonn  almost  rivallin)^  ihose  of 
f«lepbani  in  si«r.     The  number  of  sjiedes  desi-ribed  i%  very  Inrife. 

JBORDKJi  $.   Megistanes. — The  Emeus  and  Cassowaries  are 

by  certain  stnicttirnl  peculiarities  in  the  base  of  the 

cranium  ;  by  the  motkrately  long  humerus ;  the  presence  of 

one  complete  digit  in  the  manus,  which  ■<:  rnrnished  ivith  a 

;  the  absence  of  a  ventral  symphysis  in  the  pube;s  or  ischia ; 
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of  the 

London 
d  by  him 

iliOBCd  Uttl 

ecu  named 


u  now  by  far 

.laeriscd  by  the 

(Im)  long  axes  of 

■  fatmiDg  at  their 

!  i»  b;  the  upward 

>,    1  toa).     In  most 

'■me  instances  tbc^ 

.  are  modified  into 

.  HS   obtaining  anionic 

<1'U  order,  snii  all  such 

'  more  or  less  provisionAl. 

.'■(1  l)y  MrP.  I-  SclattT 

M.lificAtions  suggested  by 

' '  1. 

<>>ch  are  susceptible  of  beinfi 

-  udraable  to  mention  briefly 

Kii  not  yet  been  drtcrmincd. 

iti-  mijorit}*  should  find  a  place 

'nx,  of  thf  Upper  Jurassic  of 

■  .jly  mcmioncfl,  to  Ik;  coiisidcr- 

;'  at  all,     In  the  Cretaceous  of 

'  u'u  Craaiiavui,  Laomis,  PalxO' 

-II  of  which  probably  belong  to 

■  1   the  oldest  known   bird-rcnjains 

,-ii<l.  and  have  tjLvn  named  Kna- 

i*-lc  that  ihcy  may  indicate  more 

'.iTiebra;  have  more   or  less  flai- 

<  Tdtanua,  in  which  the  fusion  of  the 

,nie,  18  compared  to  ih,ii  of  i 

Lit  of  Jchtfiyprnit,  and  it  is  hi) 
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the  want  of  a  bridge  over  the  extensor  tendons  in  the  tibii 
the  suppression  of  the  hallux.  The  family  Dromaida  is 
sented  by  the  existing  Emeu  {Dromaus)  of  Australia,  and  al 
fossil  species  in  the  Pleistocene  of  the  same  country.  /Vm 
from  the  latter  deposits,  is  an  extinct  genus  referable  to  this  i 
The  characters  of  the  pelvis  of  the  existing  genus  are  shown 
1107.  The  Casuariida,  now  characteristic  of  the  Austia 
region,  have  not  hitherto  been  definitely  recorded  in  a  fossil 
although  it  is  possible  that  a  phalangeal  from  the  Indian  Sii 
may  be  referable  to  this  family. 

Suborder  6.  Rhea. — The  Rfuida,  which  alone  coostitub 
group,  and  are  confined  to  South  America,  differ  from  the 
stanes  by  the  structure  of  the  palate,  as  well  as  by  the  long* 
merus,  the  presence  of  three  digits  (of  which  two  are  clawed)  i 
manus,  by  the  ventral  union  of  the  ischia,  and  the  absence 
aftershaft  to  the  feathers.  Remains  of  Rfua,  which  are  refen 
the  existing  species,  occur  in  the  Pleistocene  cave-deposits  of  1 

Suborder  7.  Struthiones. — The  family  Struthionida  i 
sole  representative  of  this  suborder  ;  the  only  existing  species 
the  Ostrich  {Struthw  eame/us),  which  is  now  confined  to  Afric 
Arabia,  although  it  formerly  ranged  into  Persia,  and  probaU 
to  Baluchistan  and  the  north-west  frontier  of  India.  In  ad 
to  the  characters  of  the  palate,  Struthio  differs  from  RMta  I 
union  of  the  pubes  in  a  ventral  symphysis,  and  also  by  the  su 
sion  of  the  second  digit  of  the  pes,  in  consequence  of  whit 
distal  end  of  the  tarso-metatarsus  has  but  two  trochlex.  This 
is  represented  in  the  Pliocene  Siwaliks  of  India,  and  also  i 
Lower  Pliocene  of  the  Isle  of  Samos,  in  the  Turkish  archip 
by  remains  referred  to  two  species.  These  forms,  which  m 
specifically  the  same,  appear  closely  allied  to  the  existing  O 
An  egg,  from  Tertiary  beds  near  Gallipoli — the  ancient  Chers 
— described  under  the  name  of  Struthiolitkus,  probably  beloi 
the  existing  genus,  and  very  likely  to  the  species  occurring  atS 
These  fossil  forms  point  to  the  conclusion  that  the  original  ho 
the  genus  was  probably  in  Asia. 

SuiiORDER  8.  (Iastgrnithes. — The  Gastornilkida,  who: 
mains  occur  in  the  Lower  Eocene  of  Europe,  were  large 
which  may  probably  be  classed  with  the  Ratitse,  and  are  appa 
entitled  to  distinct  sul>ordinal  rank.  Their  tibia  agrees  with  tl 
the  Aptoryges  and  Immanes  in  having  a  bony  bridge  overtl 
tensor  tendons,  but  makes  a  curious  approximation  in  shape  ti 
of  certain  members  of  the  Carinate  suborder  Anseres.  The 
were  somewhat  larger  than  in  the  Ostrich  ;  and  the  cranium, 
is  estimated  to  have  been  fifteen  inches  in  length,  had  the  al 
margins  of  the  jaws  serrated,  as  in  the  genus  Odontoptery: 
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CMiuins  of  Gast&mii  have  been  wcortlcd  from  Mcudoii, 

from  Rhcim^.  and  fronj  Croydon,  and  have  been  referred 

The  huge  Dtatfyma,  from  the  I-ower  Eocene  of 

DCficsu  appear*  10  be  cIcmcIv  allied  lu,  if  not  identical  with. 

Bird-bones  from  the  Tertiary  of  South  America,  cle- 

y  Dr  Moreno  under  the  name  of  Afexm/'riornisy  and  com- 

tlw  AnMTies,  prolulily  indicate  a  ineinber  of  this  group, 

^  are  fully  as  large  as  the  ccMTcsponding  Itone^i  of  the 


Lso] 


I  ma;  be  noticed  an  imperfect  cranium  froni  the  London 
bcribed  by  Sir  K.  Owen  as.  Dasfimis,  and  regarded  by  him 
^ng  to  a  Katitc  Bird.  And  ii  may  be  also  mentioned  that 
ifect  limh-bone  from  ihei-e  deposits,  which  haK  been  named 
1^,  may  perhaps  belong  to  tht;  sutiie  genus. 

■  III.  CarinaTjR. — The  third  order,  which  is  now  by  far 
i  numerously  represented,  is  gi-nerally  characterised  by  the 
I  of  a  median  Iteel  to  the  sternum,  and  by  the  long  axes  of 
Bent  portions  of  the  scapula  and  coracoid  forming  »t  their 

tan  acute  or  slightly  obtuse  angle,  as  well  as  by  the  upward 
\  of  the  ischium  towards  the  ilium  (fig.  iioi).      In  most 
wings  are  adapted  for  flight,  but  in  some  instances  they 
JDome  atrophied,  while  in  others  they  are  modified  into 

■  organs. 

\  is  uill  coniiiderable  diversity  of  views  obtaining  among 
ktigists  a5  to  the  clauification  of  this  order,  and  all  such 
I  must  consequently  be  regarded  an  more  or  less  provisional, 
jresent  work  the  claMification  adopted  by  Mr  P.  I„  Scl;itcr 

rl  in  the  main,  although  certain  modificilions  suggested  by 
Newton  have  been  tncorpomicd. 
ft  noticing  those  fossil  fonns  which  are  susceptible  of  being 
|n  definite  groups  it  will  lie  advisable  10  mention  briefly 
tetnains  of  which  the  affinity  has  not  yet  been  determined, 
^  tt  is  probable  that  at  leaAt  the  majority  sliould  fmd  a  place 
present  order.  As  to  Lacpttryx,  of  the  Upper  Jurassic  of 
[zDcrtca,  there  appears,  as  already  mentioned,  to  be  consider- 
|lbt  whether  it  is  really  Avian  at  all.  In  the  Cretaceous  of 
ic  country  we  have  Afaiornis,  Graathvut,  Laornis,  Palafi- 
|tnd  Telmatornii  :  many  or  all  of  which  probably  belong  to 
k  suborder.  In  England  the  oldest  known  bird-remains 
B  the  Cambridge  (Jrccasand,  and  h,ivc  been  named  Ena- 
.although  it  is  quite  probable  that  they  may  indicate  more 
le  genu)'.  Some  of  these  vcrtebrat  have  more  or  less  flat- 
Jntra  ;  while  the  tarso-metaursus,  in  which  the  fusion  of  the 
lent  elements  is  incomplete,  is  compared  10  that  of  the  cxist- 
but  and  also  to  that  of  iihthyomis^  and  it  is  highly  prol>- 
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able  that  these  Birds  ircrc  allied  lo  ihc  latter  gmus.  TV  I 
from  the  Cretnceous  of  Kur[>|x;  desicribed  u  Paioffrnis,  OJN^I 
and  Crctomis,  belong  to  Oniilliosauriji. 

In  the  Tertiary  we  have  Euptrrormi   and    Remianas  (ma 
liOncT  Eocene  of  Rheims;  while  tlic  Upper  Eocene  (I^wctC 
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I.    OooMTORM-r- — The  one  suWdcr  which  is  the 

representative  of  ihis  series  contains  the  family  Jchlhy- 

from  the  North  American  Crct^iccous,  of  which  Ickthy- 

only  definitely  known  genus  although  it  is  highly  prob- 

1  Ap^t^mii,  and  some  of  the  other  Cretaceous  fonn*  alrcady 

1,  may  alsu  belong  to  this  or  an  allied  family.     Tlie  ireth 

nit  (fig.  tti7,  d)  arc  comparatively  large,  and  siv  set  in 

Itcls  ;  while  the  centra  of  the  vertebrse  are  amiiliiccHlous. 

about  twenty  teeth  in  each  jaw,  which  arc  directed  ob- 

Hwckwords.      The  rami  of  ihe  mandible  were  but   loosely 

and  it  IS  probable  that  the  jaws  were  not  sheathed  in  horn. 

lU   of  the  typical  /.  dis/>tir  (f\g.  11 16)  was  about  equal  in 

Rcxdc -pigeon;  and  in  nil  essential  features  of  its  organisa- 


I  nnM  at  lka_  oundibte  of  UMf—itft.  illjihlly  mbcscd  ;  6,  Ua.  of  Uti' 
mnb  tu*ar^  tw  ;  e,  /,  Anlcrior  »iiJ  bilerat  iu|xcu  of  ccrriijil  *«r(«4jrii  vf 
I  utml  VIM ;  i,  TAMh  of  Haftranit^  vmos  rumiml  tijc^     (Afici  Mjifih'> 

genus  conforms  so  exactly  with  the  existing  Carinalc  lypc, 

appears  every  reason  for  including  it  in  the  same  order, 

in  following  Professor  Marsh's  view  of  placing  it,  together 

\sf>ervrm$,  in  a  separate  order  under  the  name  of  Odomor- 


ILBS8  SufCS. —  In  this  series,  which  eompriises  all  existing 
no  ueth  are  ever  functionally  developed,  although  germs 
the  young  of  one  group. 

>EX  2.  CuVKTUKl.^'rhc  Tinamous  {Tinamtii,  &c)  whirh 

suborder,  show  more  signs  of  .iftinity  in  the  stniclure 

and  skull  to  the  KatitEC,  than  ia  cxhibued  by  any 
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Other  group  of  this  order.  They  are  confined  to  the  New  H 
and  arc  represented  in  a  fossil  state  by  remains  of  existing  9 
of  Crypttirus,  Notkura,  Ti'namus,  and  JtAymckatus,  in  the  PldM 
cave-deposits  of  Brazil 

Suborder  3.   Impennes. — The  Penguins  {Aftenodyks,  te 
the  Antarctic  regions  form  a  peculiarly  interesting  and  weEtdd 
group  of  Birds,  in  which  the  wings  are  modified  for  swimming 
the  component  bones  of  the  tarso-metatarsus  are  separated  byi 
ties.    It  has  recently  been  proposed  that  the  Impennes  shodd^ 
a  primary  group  of  equivalent  rank  with  the  Caiinatx^  uwkrl 
name  of  Eupodomithes.     Unfortunately  scarcely  anything  is  bl 
of  their  palseontological  history,  the  only  fossil  type  being  li 
eudypUs  from  the  Tertiary  of  New  Zealand. 

Suborder  4.    Tobinares. — The  Petrels,  or  Proallaraia, 
the  only  family  of  this  group.     The  only  known  fossil  repRM 
tives  are  members  of  the  existing  genus  Puffinus  (Sbeaimter),  ri 
have  been  recorded  from  the  Lower  Miocene  of  Allier,  in  Fn 
and  also  from  the  Miocene  of  the  United  States. 

Suborder  5.  pyfioPODES. — According  to  the  opinion  <rf  I 
fessor  Newton  this  and  the  two  following  groups  should  be  i^ 
merely  as  .sections  of  a  single  suborder,  but  since  no  name  bash 
proposed  for  this  larger  group  the  three  divisions  are  retained 
the  Pygopodes,  the  A/cida,  or  Auks,  include  the  Great  Auk  fy 
impennis)  of  the  Arctic  regions,  which  now  j^)pears  to  be  totally 
tinct,  but  of  which  the  remains  are  found  abundantly  in  the ) 
and  other  superficial  deposits  of  northern  Europe.  Remain 
ferred  to  the  genus  Uria  (Guillemots)  are  fotmd  in  the  Upper  I 
cenc  of  Italy ;  and  Guillemots  also  occur  in  the  Tertiary  of 
United  States,  where  they  have  been  described  iind«'  the  nam 
Catarracies.  In  the  Colymbida^  which  includes  the  Grebes  : 
Divers,  remains  of  the  Red-throated  Diver  {^Colymius  ^amlii\ 
found  in  the  Pleistocene  deposits  of  Mundesley,  in  NoTfialk;v 
the  extinct  Colymboides  of  the  Ixiwer  Miocene  of  Allier  appev 
be  an  allied  form. 

SuuoKiiER  6.  Gavia:. — Of  the  Zani&  (Gulls  and  Terns) a  spe 
of  Lams  occurs  in  the  Allier  Miocene  ;  while  Hydromis  of  the 
ter  do|>osits  may  probably  be  referred   to  the  same   family, 
undetermined  genus  from  the  London  Clay  may  perhaps  be 
referable  to  the  present  group. 

SuBOKDKR  7.  LiMicoi,.*;, — The  Limicoix  are  somewhat  a 
dantly  represented  in  Tertiary  deposits ;  the  subaquatic  habil 
many  of  its  members  being  probably  conducive  to  the  prescrvi 
of  their  remains.  In  the  family  Seolopadda  the  genus  Nutik 
(Curlew)  is  recorded  from  the  Middle  Miocene  of  Gers,  in  Fn 
and  the  Pliocene  of  Italy ;  Limosa  (Godwit)  occurs  in  the  U 
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locnic  of  WcMphalia;  and  a  species  of  Himanlofm  (Still) 
in  the  Allier  Miocene.  In  the  fAmily  CharaJriido:  (I'loven) 
erf  the  type  geniu  CfiaraJritii  occur*  in  llie  Upper  Eocene 
tdo  ;  while  the  genus  CamasctJut  {with  uhich  DolUhoptirut 
probably  ulcnivoJ)  is  known  from  the  Lower  Miocene  beds 
tn,  in  France. 

LUER  8,  AixcroRiDrA — Tbc  Alcctoridcs  form  a  somewhat 
d  group,  which  is  token  by  Mr  Sctatet  to  include  thv 
although  l*rofcs!>or  Ncwion  regards  the  LttKr  as  more 
Died  to  the  CiaviiE  and  Limicolx.  The  family  Gruida,  or 
}•  rcprcicnted  by  the  type  genus  Grus  in  thv  Plei»tocenc  of 
[India,  and  the  United  States,  and  also  in  tht  Lower  Pliocene 
fbeds  of  Ureece.  and  the  Miocvnc  of  Allier.     Allied  extinct 

f!  Paiaogmi  of  (he  Eocene  of  Italy,  and  AMornis  of  thai  of 
The  OlidtJa  uk  represented  by  a.  species  of  Ilu^tard 
the  Allirr  Miocene. 
|l>eR  9.  FuucARLC. — This  suborder  comprises  the  Rails, 
{jlstcr-hens,  etc;  all  of  which  are  included  in  the  single 
utUi^a,  oikI  arc  of  more  or  less  aquatic  habiU.  Birds  re- 
b  the  type  gcnuN  Kallus  (Kail)  o<cur  in  Uie  Monlmarlre 
jthe  Miocene  of  Alltcr  and  Gcrs,  and  the  Italian  IMIocene. 
i  of  Gaiiinu/a  (Water-ht-n)  are  recorded  from  the  Pleisto- 
Bs  of  Brazil  and  Queensland  ;  in  both  of  which  depOMls 
I  with  othcn  referred  to  Porpkyrio  (I'urplc  IValer-hcn)— a 
bw  widely  distributed  over  the  warmer  regions  of  the  globe, 
■let  species  of  Coot  {I-'Mtiea)  has  also  been  described  from 
lensland  Pleistocene.  JVoiornii,  which  occurs  in  the  i'leisto- 
[  New  Zx'aland  and  was  also  found  living  sonic  years  ago, 
^  Rail  allied  to  ihe  Au.'UtT^iIian  Trilxmyx ;  while  ^//(?r*r«, 
ia  very  brge  form  from  the  Aanit:  dtpo»its  totally  incapable 
^^niore  nearly  related  to  the  existing  Otydr^mus  of  New 
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(Pheasants,  Turkeys,  etc.),  and  TetraomiUe  (Grouse).  The 
together  with  the  following  group  of  Columbas  were 
bracketed  together  under  the  name  of  Rafiores,  and  it  i 
means  certain  that  the  departure  from  this  arrangement  is ) 
able  one.  The  skull  (fig.  1 1 03,  p.  1 2 1  o)  has  peculiar  palatal 
a  sharp  curved  beak,  and  a  recurved  process  to  the  an^ 
mandible.  Many  of  the  genera  of  Gallins  (especially  ibi 
are  characterised  hv  the  presence  of  one  or  more  strong  bo 
on  the  inner  side  of  the  tarso-m 
(fig.  1 1 18).  The  first  two  familit 
present  unknown  in  a  fossil  condii 
the  Fhasianida,  however,  the  typif 
Phasianus  occurs  in  the  Allier  a 
Miocene  deposits,  and  also  in  th 
Pliocene  of  Pikermi ;  FratueUiM 
colin)  is  represented  by  remains 
ing  species  in  the  Pleistocene  of  ! 
India  (fig.  11 18);  CtHWrwix  (Quai 
Montmartre  Eocene  gypstmi;  thi 
Falaortyx  in  both  the  latter  depc 
the  Is^re  and  Allier  Miocene  b 
soK:alled  Palat^erdix  of  the  ] 
Miocene  being  probably  identtca 

Muliu.   -.PoMtrior;/,  Anterior    ^  spCCicS  of   GalluS,  SOmewhat   Ul 

the  existing  Indian  G.  Sonneratiy  is 
the  Pikermi  Pliocene.  From  the  Miocene  of  the  United 
Turkey  {Meleagris  antiqud)  has  been  recorded,  and  is  desc 
equal  in  size  to  the  living  species  now  characteristic  of  j 
In  the  TetraonidiB  remains  of  the  living  Capercaillie  (7>j 
gallus)  occur  in  the  Norfolk  Forest-bed ;  while  an  extinci 
of  the  same  genus  has  been  described  from  the  Upper  E 
Languedoc.  Remains  of  the  existing  Willow  Grouse  ( 
albus)  are  found  in  the  Pleistocene  of  Westphalia. 

Suborder  i  i.  Columb^. — This  group  is  taken  to  inc! 
existing  Sand^rouse  (Pteroclida),  and  the  Pigeons  (Cobtmbi 
the  first-named  family  a  species  of  the  type  genus  Pterxles  I 
described  from  the  Allier  Miocene.  The  Columbida  are  k: 
a  species  referred  to  Columba  from  the  last-named  deposits 
as  by  another  provisionally  referred  to  the  same  genus  i 
Pleistocene  of  Rodriguez.  Of  especial  interest  is  a  tarso-mi 
from  the  Pleistocene  of  Queensland  described  by  Mr  De  V 
the  name  of  Progoura,  and  regarded  as  indicating  a  bird  ; 
the  Crowned- Pigeons  {Got/ra)  of  New  Guinea.  Gain 
some  signs  of  affinities  to  the  Phastanida,  and  these  reser 
are  said  to  be  more  marked  in  Progoura,  which   is  do 


Fig.  \\ii.—FrancaliiaH  ffniii- 
eeriaMHi,  The  left  tarso-meta' 
taraiu ;   from    iht  Pleistocene  of 
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e  existing  forms.      Here  also  may  b«  placed  Ihe  now 
mil)-  Didida,  represented  by  the  Dodo  {Didus  inrptm)  of 
and  ihe  Solitaire  {Pesopkaps  soiilaha)  of  Kodrifju^^. 

:  two  stnguW  birds,  the  I>odo  formcrlj*  inhabited  Mauritius 
Dumbrn,  but  the  last  record  of  its  octuncnce  dates  from  the 
It  w-A»  a  Urge  and  hcav>-  bird  [tig.  1 1 19),  bi^grr  than  a  swan, 
eiy  unlike  (be  niKcons  in  ycncial  appearance.  The  win^s  were 
iiy  uid  compfeiely  useless  ai  organs  of  flight    The  Ick*  were 

slotu,  the  feet  had  four  too  each,  and  (he  tail  waa  cxircmely 


I  «f  iki  Dado  (DiJMi  imftmt),  naarrd.    (AA*r  Owtc. 


irrying,  like  the  wings,  a  tuft  of  soft  plumes.  The  beak  <un- 
\<k  any  of  the  Coiui^a  except  the  liitic  IMdunculut  strigiros- 
'f  arched  tow.trds  the  end,  and  thtr  upper  jaw  had  a  strongly- 
bpcx,  not  unlrkc  Ihat  oif  a  bird  of  pTwy.  The  froninl  region  of 
{was  ureally  elevated  and  lumld,  from  the  CKces^ive  development 
jtr  cavitks  betvfccn  the  two  tables  of  the  skull,  and  the  actual 
|c  was  vcrj-  imall  in  propottion  to  the  siie  of  the  cranium.  1q 
tpccts  allied  to  the  Dodo,  and,  like  it,  incapable  of  flight,  wgu 
aire,  of  which  the  last  recorded  Hppcarancc  was  in  the  yxar 
fce  Solitaire  bad  longer  legs  and  neck  ihan  the  Dodo,  the  bill 
ftiTonKly  arched,  its  fonhcad  flatter,  and  thecc  was  developed 
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upnn  tlic  rndial  tide  of  the  mcucarpus  an  extraordinaire  spheric 
like  mass  of  bone,  ahnui  as  Urge  as  a  rauskvt-b^ll.  and  with  a  i  ^, 
surface.     This  sinj^ulat  callosity  is  much   more  developed  ia] 
indiviclunls— supposed  lo  be  males— Ihan  in  oihcrs,  which  ret 
sume  to  be  females;  it  was  duubile<i«  covered  durinte  life  \n , 
tniGxtunenc,  and  lecin^  tn  have   been  used  as   an    crfTenxtiT 
Bolli  these  Birds  arc  known  lo  us  by  nearly  entire  skeleiunt 
reccnily  from  the  islands  which  they  inhabited  ;  and  of  the 
have  also  a  few  reni.iins  belonging  to  entire  specimens  once  j_ 
our  museums,  which  were  unRiriunately  allowed  to  (all  into  i 
A{>[ureiU  ignorance  of  Iheir  pricelcis  value. 

Remnins  of  exiting  species  of  several  genera  of  Caf* 
found  in  the  l*lci»tocene  cave-deposits  of  Bradl. 

Suborder  i  j.  Anskkes. — The  Anscrcs,  or  Goose-like 
a  well-defined  subwdinal  group,  characteriwd  by  peculiar 
ill  the  palatal  region  of  tfw?  skull,  and  hy  the  perfectly 
the  be&k  being  generally  broad  and  spAtulati,  an<l  the  anf 
mandible  with  a  recurved  pruccss  (fig.    iiao).     All  the 
members  of  this  group  arc  referred  to  the  family  Amal 
is,  however,  Nplii  up  into  several  subfamilies.     A  peculiar 
is  represented  by  the  living  Cena^stT,  of  Australia;  allied 
is  the  much  larger  extinct  Cnfmiomis,  of  the  Pleistocene  i 


FSi  nM.— Skull  «fSpui-wu>K«dOo«M</'ltai'T/ivrwfiuK{>rwMli^    K«4au<- 


Zcalniid,  which  was  quite  incapable  of  flight.  In  the  sabfN 
Afiserime,  remains  of  the  Grey-!^  Goose  {Anitr  amnta)  o 
in  the  European  F]c;i.stac«nc  I'hc  Cfgrtina:,  or  Swans,  aic  fl 
senlcd  by  the  CKtiiict  Cji^ur  Fa/contri,  from  the  Pleistocene  C 
deposits  of  Malta.  In  the  Anatina  (Ducks)  an  extinct  hpMil 
Treeduclc  {UeHdraty^a)  is  recorded  from  the  Pleistocene 
Queeitftland.  Keuiaitis  of  the  Wild-duck  iyAnas  ^oscas)  oota 
the  Pleistocene  of  Kurope  ;  A.  afav^  and  A.  tygni/ormis  are  ft 
in  the  Middle  Miocene  of  Bavaria,  the  tatter  species  being  d 
as  Urge  as  a  Swart ;  A.  cmingtrtsis,  from  the  Upper  Mioccn 
SwiUerland ;  A.  lignifila,  from  the  Middle  Miocene  of  Italy  i 
A.  Blatahardi,  from  the  Allicr  Miocene.     Remains  of  the  Sboi 


ORDER  CARINAT^ 


"37 


^ia  eJyftatJt)  have  boen  found  in  the  Norfolk  Foresl- 

the   /^ligu/itur,  the  type  genus  J-ii/igu/a  (I'ochard)  is 

from  ihc  Upper  Pliocene  of  the  Val  d'Amo,  in   Italy, 

(Whiic-cycd  duck),  from  the  I*)eisioecne  of  Queens- 

in  ihe  Mergina.  it  is  prohable  that  Mergvs  {Merganser) 

itcd  in  the  Pliotvnc  SiMnliks  of  India.     The  eitinct 

of   the   luli-in    Miocene,   nUo   belongs   to   this    faniily, 

its  precise  ixisitiun  is  unceriAin. 

>KR  13.  Oi>ONToiTRRVcKs. — The  Odontofttry^dir,  tqire^ 
H>f  Odfitt/ffiteryx,  of  the  London  Clay,  appear  to  indicate  a 
su1>ordinal  group,  whit'h  miiy  he  pru\i:iionally  placed  here. 
sint^Lir  bird  the  alveolar  raari;ins  of  both  jaws  arc  furnished 
\toa(h-like  serration!!  (fig.   mi)  wliich   differ  from  true  teeth 
■ctoally  piins  of  the  osseous  substance  of  the  jaw  itself, 
3y  aigree  with  those  found  in  the  Chelonian  genera  ffar- 
Baiagur.     The)'  arc  of  triangular  or  eompre»sed  conical 


-<J 


( «^^,-«^t— 'i-'*"^ 


-  Stnll  of  l>dtnltfUrjx  Miatitui,  found ;  rram  ihc  Undon  Clark 
(AlUiOncn.) 

•n,  and  of  two  sizes.  Upon  the  whole,  Odcniopteryx  would 
pear  to  be  tnost  nearly  allied  to  the  Anaiida,  but  the  serration  of 
Javs  ii  an  entirely  unique  character,   unknown   in  any  existing 

SvBOKDFJt  14.  PAlJtMEnR£. — Of  this  gTOUp,  comprehending  only 
k  AmcricAn  Screamers  {C^twitt,  &c),  no  fossil  representatives  are 

Bt;w>itDElt  15.  Olx>KTWJl/D«s,R. — Tbc  only  family  of  this  group 
the  PkteHiaifttridit,  or  Flamingos,  which  arc  exceedingly  long- 
tbed  waders,  disiingui^cd  hy  a  pec\iliar  downward  bend  of  the 
(fc,  and  presenting  characters  conncciins  them  on  the  one  hand 
b  the  .'\n5crc5,  and  on  the  other  with  the  Herodioncs.  The 
Iting  gmtn  Phtemcopterut  is  found  in  the  Allier  Miorenc  ;  while 
the  «ame  bedsL,  ns  wt;]|  ait  in  tlie  equivnient  deposits  of  Ihe 
venoe  basin,  and  also  in  the  somewhat  higher  strata  of  Stein- 
B,  in  Bavaria,  oorurs  the  jieruli.ir  Remis  Palirlodtii^  which, 
apparently  allied  to  PhamcfpUrtis,  presenLa  aomc  afEntty  to 
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the  LimicolEe,  and  also  shows  one  osteolc^cal  feature  1 
occurring  among  the  Py^podes  in  Potties  (Grebes)  and 
(Divers).     Rlomis,  from  Uie  Lower  Miocene  of  Ronxon, 
to  be  also  allied  to  the  Flamingos;  while  Agtwpterus, 
Upper  Eocene  of  Montmartre,  may  perhaps  be  also  inc 
the  present  group. 

Suborder  16.  Herodiones. — This  suborder  includes  the  j 
leida,  or  Spoonbills  and  Ibises;  the  Ciconiida,  or  Storks; 
Ardeida,  or  Herons ;  all  of  which  are  waders.  The  /Vis 
represented  in  past  epochs  by  an  extinct  species  oi  Ibii  (/j 
from  the  Allier  and  Steinheim  Miocene ;  while  the  existing . 
Black-headed  Ibis  (/  melanocephala)  has  left  its  remains  (fig.  il 
p.  1217)  in  the  Pleistocene  cave-deposits  of  southern  Indu. 
other  existing  species  of  this  genus  occurs  in  the  cave-de 
Brazil.  In  the  Ciconiida,  an  extinct  species  of  the  AfncaB  1 
Oriental  genus  Leptoptilus  (Argala),  which  includes  the 
Adjutant  Stork  of  India,  is  found  in  the  Pliocene  Siwaliks  of^ 
latter  country,  and  another  in  the  Middle  Miocene  of 
while  an  undetermined  Ciconioid,  from  the  Pikenni  beds 
Attica,  may  possibly  belong  to  the  same  genus.  Part  of  a 
tarsus,  from  the  I'ertiary  of  Argentina,  indicates  a  bird  douUe ' 
size  of  the  Pampean  Stork,  and  has  been  made  the  type  of  I 
genus  Palaodconia.  The  Indian  Siwaltks  have  also  yielded  1 
of  another  giant  Stork,  of  which  the  genus  has  not  yet  been  1 
mined.  In  the  Pleistocene  of  Queensland  there  occurs  an 
species  of  Xenorhymhus.  In  the  Ardeida  the  type  genus  At 
(Heron)  is  represented  in  the  Bavarian  Miocene  by  a  species  (i 
similis)  apparently  closely  allied  to,  but  rather  stouter  than,  dj 
common  Heron  (A.  cirured);  and  remains  of  the  same  genus  ill 
occur  in  the  Miocene  of  Allier  and  Gers.  The  Night-Heid 
{NyctUorax)  are  known  by  an  extinct  species  in  the  Pleistocem  ■ 
posits  of  the  Island  of  Rodriguez.  Finally,  certain  remains  M 
the  London  Clay  may  possibly  indicate  that  this  family  dates  frd 
that  epoch. 

Suborder  17.  Steganopodes. — In  the  Steganopodes  ire  b 
eluded  a  number  of  web-footed  Birds,  such  as  the  Darters  {PhHid 
Cormorants  {Phalaerocoracida),  Albatrosses  and  Frigate-Birds  (A 
gatidie),  and  the  Pelicans  (Pe/icamdie),  some  of  which  are  regadi 
as  more  or  less  closely  allied  to  the  Gavise,  while  it  is  su^eslf 
that  there  may  also  be  a  connection  between  this  group  and  A 
Accipitres.  The  Plotida  are  only  known  in  a  fossil  state  by 
species  of  the  one  genus  Plotus,  from  the  Pleistocene  of  Quetn 
land.  In  the  Phalacrocoraadte  we  find  the  t>'pe  genus  /*Ad 
crocorax  {Graeulus  or  Cormoranus)  in  the  Eocene  of  MontmaiV 
the  Allier  Miocene,  the  Pliocene  of  the  United  States,  and  pro 
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tn  the  Indian  Siwnliks  ;  remains  of  the  <!xisting  Corirorant 

9)  being  found  in  the  Norfolk  Forest-bed.     vWj  (Gannct) 

the  Miocene  beds  of  Ctriorado  and  of  Roruon  (Puy-en- 

while  Ptlagomis,  of  the  Allier  Miocene,  ts  pro-isionally 

[in  this  family,     tn  the  I^gatida  rcnuins  of  a  Diomedia, 

closely  Allied  to  the  Albatrosses  of  the  Soulliem  seas, 

described  from  beds  at  the  top  of  the  Suffolk  Cray ; 

is  considered  probable  that  Arf^'lhrmt,  of  the  London 

ites  the  existence  of  this  faniily  in  the  Lower  Eocene. 

PeUeamda    remains    of    true    Pelicans    {Ptirtamn)   occur 

Miocene  of  AUier  and  Bavaria,  as  wet!  as  in  the  Indian 

iCR  18.  AtciriTHES. — The  Acdpitrcs,  or  Diurnal  Birds 
pivjr,  are  characterised  by  their  curved  beak  (fig.  1123,  b),  the 
encc  of  a  circle  of  feathers  round  the  eye,  and  the  powerful 
pf  of  the  foot  (fig.  1 132,  a),  as  well  as  by  many  osteological 
tHCB,  utd  especially  the  nearly  straight  line  formed  by  the  three 


-v/ 


<.«k»*a>tM«i 


[V%.  iictL— 4.  r«Mortlw  Pcrtcrinc  Fkkoij ;  u,  Head  of  Brannl.    KoJuiel. 

trochlcjc  of  the  tano- metatarsus  (fig.  1123),  and  the  ab- 
[of  a  bony  bridge  over  the  extensor  tendons  at  the  distal 
of  the  tibia.  The  probability  of  this  group  being  related 
Sl^janopodes  has  been  already  noticed.  The  Cathartida, 
acrican  Vultures,  are  represented  by  existing  species  of  CaHt- 
D  and  Gy/^rtkus  in  the  Pleistocene  of  the  Brazilian  caves.  It 
also  bc«i  considered  that  this  group  is  represented  in  Europe 
ijtkomis  Tfuttarimus,  of  the  London  Clay;  an  opinion  which,  if 
ifinned,  will  be  of  considerable  interest  from  a  distril)utional 
H  of  i-iew.  The  peculiar  SerfKntariida,  ax  Secretary  Vultures, 
Africa,  are  known  by  a  species  of  the  one  existing  genus  Ser- 
tarimt  frcwn  the  Allicr  Miocene.  The  Fakonida  include  all  the 
■ining  genera,  which  arc  grouped  in  several  subfamilies.  Of 
le  the  VMlturina,  or  tnic  Vultures,  are  represented  in  the  Plcis- 
»e  breccia  of  Sardinia  by  remains  of  the  type  genus  Vutttir; 
le  those  of  the  existing  Afro-Indian  Neophron  jvrctwpierus  arc 
OU  U.  K 
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recorded  from  the  et^uivnlent  cave-deposits  of  southern 
Ihe  other  groups  w«  havi;  evidence  of  a  species  of  cither . 

Circus  {fig.  1123)  from  the 
deposits,  Uie  %uri:  being  gim 
to  show  the  form  of  the  distal  cad] 
tarso-tD4--tat3isu<i  so  characteristiei 
suborder.  Mthut  is  rcoonlcd 
Allier  Miocene ;  and  faim  fn 
Montinartie  Eocene.  Species 
to  AquUa  are  oientioned  botll 
Miocene  of  Allier  and  Gen, 
Sardinian  Pleistocene ;  while 
is  recorded  from  Gers.  Of 
genera  Palaotuirax,  from  the 
Miocene,  i&  icgarded  as  being 
Agttifa:  while  Ptilaodmf,  of  the  Montmarirc  Eocene,  bi 
as  showing  al^nity  to  the  Utuutards  {Butta),  and  the 
dion) ;  TeraCHJ,  from  the  Ronzon  Miocene,  being  an 
known  form.  The  largest  knuwn  member  of  this  sot 
Harpagornis,  from  ihe  Pleistocene  of  New  Zealand,  whS 
apparently  allied  to  Cirtus.  Finally,  several  existing  v^tom 
Falwmda  are  recorded  from  the  Plcixioccne  of  the  Bod 
caves. 

SuDORDEK  19.  Stkiges. — The  Striges,  or  Owls,  were  fonn 


Fig.  I ri3.~(?)jf/'A'iu or  C'riBj, 
«p.  1li*di>Ul)i»iri>rihcleft  iirio- 
(n<uianusj  ftvin  tha  uiifrior  (a) 
Hid  iKHWriar  (u)  aipccU;  fram  loe 
PlilMix*!!*  cf  MAaJrai 


M! 


B  '^^'^^^       ^  A 

PIf.  III4--1.  FoM  crilH  Loncwnd  Owl  (OMa  v^ifritY,  m,  Hc«I  vTibc  1 

grouped  with  the  Accipitres,  but  are  now  regarded  u  being  pr 
■bly  more  nearly  allied  to  tlie  Parrots.  Comparatively  few  (6 
forms  are  known ;  but  in  the  Atienida,  or  Eagle-OwU,  wc  htw 
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;le-Owl  {Suh  ignavHt)  m  the  Norfolk  Forest-bed,  and 
ng  Indian  B.  toromaadui  in  ihc  Pleistocene  of  Madras; 
genus  is  also  recorded  from  the  Atlicr  Miocmc,  and  is 
ed  in  th«  Eocene  of  the  United  States  by  B.  Uptasteus, 
about  iwo-thirds  the  si^e  of  ihc  existing  B.  vir^niaHus 
otHting  the  same  regions  J'he  existing  Ceylon  Fish- 
bifia  ^  ccyfotumii)  occurs  in  the  I'lei^locenc  of  Madras,  and 
KuropettTi  Snowy  Owl  {/v'yetea  seandiaea)  in  ihat  of  West- 
In  t}ic  Strigidfe,  or  true  Owls,  remains  of  an  extinct  species 
re  havK  been  described  from  Ihc  Pleistocene  of  llie  Island 
rigucji  1  while  bones  from  the  Miocene  of  Allicr  and  Gers 
en  refeTted  to  S/rix. 

iDER  ao.  PsiTTACl. — The  Parrots,  Cockatoos,  and  their 
hicb  constitute  this  suborder,  are  now  confined  to  the 
regions  of  the  globe,  and  are  remarkable  for  the  presence 
ge-joim  at  the  base  of  the  strongly-curved  cranial  portion  of 
k,  whereby  the  upper  jaw  can  be  moved  upon  the  cranium 
ns  is  shown  in  fig.  1135,  a.     All  ihe  genera  are  of  scansorial 


.— RtcbtlutnlaiyMrt  (f  ibediulUA)  And  oT  Ibr  M*  i»»  Cd)  of/'iiff-fm  fttkttia. 
■i,    ^VkKOMUni):',  Seoond:  (.  T^iidi  i/,  rourthdlslt-    (Aficr  Uluitlianl.} 

U)d  (he  foot  had  a  hallux  (Jig.  1125,  b).     In  the  PstUaddtr^ 

Parrots,  remains  from  the  Altier  Miocene  have  been  referred 
typical  .\fri(:an  genus  PsUtacus,  but  that  term  must  W  used 

ler  senw:  than  the  one  in  which  it  is  employed  by  the  students 
t  Ornithology.     LopkapsiHaats  is  an  extinct  genus  from  ihc 

cene  of  Rodriguez.  Remains  of  the  genus  Ntsior,  peculiar 
ZeaUnd,  occur  in  the  dcpoi>its  of  that  country  which  yield 
pmV,  and  probably  belong  to  existing  sjjecies.  The  American 
rs  axe  represented  by  species  of  Ara   in  the   Brazilian  cave- 

ts.  In  the  Palaomithidit,  which  includes  the  Lories  and 
lets,  an  extinct  species  of  the  existing  .\Xrican  and  Oriental 
J'aMomis  occurs  in  the  Pleistocene  of  Rodriguez,  which  has 

eldcd  the  extir>cl  Ncnvpsittucui.     The  Stringopidti  of  New 

*  AmKuieJ  from  Ktfufa, 
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Zealand,  and  the  Ctuatutda  (Cockatoos)  of  Australia,  have 
been  recorded  in  a  fossil  state. 

Suborder  21.  Picari*. — The  Piearia  are  a  somewhat 
geneous  group  of  Birds,  of  which  it  will  be  unnecessaiy  to  1 
all  the  families,  since  only  a  few  are  definitely  in  a  fossil  00 
To  the  African  Musophagida,  or  Plaintain-cutters,  it  is  thoq 
extinct  Neeromis,  from  the  Miocene  of  Gers,  may  possibly 
The  remarkable  Leptosomatida^  of  Madagascar,  which  am 
Coraciida  with  the  Cuculida,  are  represented  by  a  spedes 
type  genus  Leptosoma  in  the  AUier  Miocene.  The  latter  < 
have  also  yielded  a  species  of  Tro^n,  the  type  of  the  &m 
ganidcB.  Limnatamis,  of  the  same  beds,  is  referred  to  the  V 
or  Hoopoes  ;  while  it  is  considered  that  the  Upper  Eocene  i 
nis  may  belong  to  the  Buarotida,  or  Hombills,  of  the  El 
and  Oriental  regions.  The  Aicedinida,  or  King-fishers,  ar 
sented  in  the  London  Clay  by  Hal^omis ;  while  in  the 
(Woodpeckers)  we  have  the  existing  genus  Piaa  in  the 
Miocene  of  Isfere  and  the  Lower  Miocene  of  Allier,  and  the 
Uintomis  in  the  Eocene  of  Wyoming,  Finally,  the  Cypu 
Swifts,  are  known  to  have  existed  since  the  Allier  MiocerU 
we  find  a  species  of  the  type  genus  Cypselus  closely  allied  to 
forms. 

Suborder  22.  Passeres. — Of  the  Passeres,  the  last  ai 
highly  organised  group  of  the  class,  an  enormous  number  ( 
genera  and  species  are  known ;  but  from  the  comparative 
size  of  the  majority  of  species,  and  the  difBculty  of  disdnj 
even  genera  by  fragmentary  bones,  scarcely  anything  is  ki 
their  palaeontological  history.  To  the  Alaudida  (Larks)  h 
provisionally  referred  Protornis,  from  the  Lower  Eocene  <rf 
in  Switzerland;  and  Aiauda  is  recorded  from  the  Upper  1 
of  Italy.  In  the  Corvida  (Crows)  the  type  genus  Corvus  h 
described  from  the  Allier  Miocene.  In  the  Pleistocene  of  R( 
the  extinct  Necropsar  is  a  Starling  {Sturnida)  closely  allied 
pied  and  crested  Fre^lopus  of  Reunion,  which  also  appears 
recently  become  extinct  Among  the  FringUlida  (Finches 
and  Passer  are  provisionally  recorded  from  the  Allier  Miocer 
to  this  family  may  perhaps  be  referred  the  extinct  genus  Pal 
from  the  Upper  Eocene  of  Colorado.  Finally,  we  have  ; 
sentative  of  the  Zanii'da,  or  Shrikes,  in  a  species  of  Lani 
the  Allier  Miocene ;  while  the  Sittida  (Nuthatches)  date  th< 
ence  at  least  from  the  fossil  Sitta  of  the  Montmartre  Eocc 
are  also  represented  by  a  species  in  the  Upper  Pliocene  < 
Lastly,  the  cave-deposits  of  Brazil  have  yielded  remains  of 
existing  forms  of  Passerines,  among  which  it  will  suffice  to  1 
a  species  of  Swallow  {Hirundo). 
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CHAPTER    LVIII. 

CLASS     MAMMALIA. 

GENERAL   STRUCTURE. 

Mammalia,  or  highest  class  of  the  Vertebrata,  are  character- 
by  having  some  part  of  the  integument  provided  with  hairs  at 
s  period  of  life,  and  by  the  young  being  nourished  for  a  longer 
\onex  time  by  the  milk,  or  special  secretion  of  the  mammary 
ds.  As  characters  available  in  the  case  of  fossils,  it  may  be 
Tved  that  the  cranium  articulates  with  the  atlas  vertebra  by  two 
pttal  condyles,  mainly  formed  by  the  exoccipitals  ;  while  each 
15  of  the  mandible  consists  of  only  a  single  piece,  which  proxi- 
y  articulates  directly  with  the  squamosal  element  of  the  cranium 
out  the  intervention  of  a  quadrate ;  and  there  is  no  movable 
;  between  the  proximal  and  distal  rows  of  the  tarsus.  Like  the 
opsida,  Mammals  possess  during  development  an  amnion  and 
itois,  and  are  totally  devoid  of  gills.  They  differ  from  Reptiles 
agree  with  Birds  in  having  a  four-chambered  heart,  warm  blood, 
a  complete  double  circulation.  They  are  peculiar  in  that  the 
corpuscles  of  the  blood  are  not  nucleated  and  usually  circular; 
le  lungs  being  freely  suspended  in  the  thoracic  cavity,  which  is 
rated  from  the  abdomen  by  a  muscular  partition  termed  the 
kragm  ;  in  the  presence  of  only  the  left  aortic  arch  ;  and  in  the 
xrtion  of  the  transverse  commissure  {corpus  callosum)  connect- 
the  two  cerebral  hemispheres.  Feathers,  moreover,  are  never 
mt,  and  there  is  no  syrinx  or  lower  vocal  organ,  although 
mplete  larynx  is  always  developed  in  the  upper  portion  of  the 
\ea,  or  respiratory  tube 

will  be  unnecessary  in  this  work  to  make  any  further  mention 
le  soft  parts,  but  a  few  remarks  must  be  made  concerning  the 
mentary  and  dental  systems,  and  the  endoskeleton ;  although 
itudent  must  refer  to  other  works  for  fuller  information  on  these 
^ts.     With  regard  to  the  tegumentary  system,  it  will  suffice  to 


1246  CLASS  MAMMALIA. 

observe  that  imbricated  homy  scales  occur  in  the  epidennit  c 
the  family  Manida  among  the  Edentata ;  and  flat  honif  d 
with  their  edges  in  apposition,  in  the  tails  of  the  Beaver,  Rd 
certain  Insectivores  and  Marsupials.  The  Anuadillos  and  G 
donts  develop,  however,  a  series  of  bony  scutes  aitknlatJDi 
one  another  in  the  true  dermis,  which  are  covered  by  hon 
dermal  shields ;  the  whole  structure  being  thus  [H^dsely  confi 
to  that  obtaining  in  the  Crocodilia.  Smaller  separate  bonyi 
also  occur  in  the  dermis  of  Mylodon.  The  homs  of  the  Rnmi 
and  Rhinoceroses  are  entirely  epidermal  structures ;  the  I 
being  hollow  sheaths  enveloping  bony  cotcs,  while  the  latti 
solid  throughout. 

The  dental  system,  as  being  of  extreme  importance  for  the 
mination  of  the  extinct  forms,  must  be  noticed  somewhat  more 
Calcified  teeth  are  developed  in  the  great  majority  of  Mamnu] 
in  the  true  Whales  they  occur  only  in  the  embryo,  in  Ormtkerkj 
they  disappear  in  the  adult,  while  in  Echidmty  Mtam^  and  it 
cophaga,  no  traces  of  them  have  as  yet  been  detected.  Id  tb< 
of  Omithorhynchus  and  Jihytina  the  function  of  teeth  is  diid 
by  horny  plates,  or  comuies  on  the  palate.  In  all  other  foimi 
ever,  true  teeth,  which  are  developed  only  in  the  iweinaxilla,  d 
and  dentary  bones,  are  present ;  and  are  usually  composed 
three  elements,  dentine,  enamel,  and  cement,  although  occasii 
as  in  the  existing  Edentates,  the  enamel  is  absent  The  d< 
or  ivory,  forms  the  chief  constituent  of  most  teeth.  This  is  t 
either  completely  or  partially,  in  the  majority  of  cases  by  a  tl 
vesting  layer  of  the  hard  flint-like  enamel,  which  is  readily 
guished  from  the  dentine  by  its  bluish-white  and  translucent  a 
ance,  while  the  outermost  coat  of  cement,  when  present,  is  (^ 
opaque  white,  or  buff,  colour.  The  cement  is  frequently  foum 
as  a  thin  coating  at  the  roots  of  the  teeth  ;  but  it  is  very  1 
developed  in  the  crowns  of  the  hinder  teeth  of  many  Ungi 
In  the  teeth  of  the  great  majority  of  Mammals  (as  in  fig.  1 1 1 
crown,  or  exposed  portion,  is  sharply  defined  by  a  constr 
known  as  the  tieek  from  the  root,  or  embedded  portion  j  but  in 
teeth  to  be  immediately  noticed,  which  grow  continuously,  tt 
no  such  distinction  between  the  crown  and  the  root.  In  no 
mals  are  the  teeth  anchylosed  to  the  bones  of  the  jaw  ;  *  am 
are  invariably  implanted  in  distinct  alveoli,  or  sockets,  whic 
however,  very  imperfect  in  certain  Cetacea.  In  all  young  an 
while  the  teeth  are  still  growing,  the  inferior  extremity  of  tht 
or  roots,  is  widely  open  ;  but  in  the  majority  of  instances  thii 
ture  becomes  completely  closed  in  the  adult  (fig.  1 1 36).     In  c 

'  Except,  perbap*,  the  inciion  oT  the  Shmn. 
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fever,  as  in  th«  anterior  (nitting-tecLh  of  the  Rodents  and 
of  the  Elephant,  the  root  remains  pcrmanundy  open  be- 
nd the  tooth  consequently  continues  to  grow  throughout  the 
t  Uie  animaL  In  such  circumstances  the  tct'lh  are  said  to  have 
Iftcnt  pulps.  I'bc  anterior  tcclh  (fig.  1126,  f,  i),  with  some 
exceptions,  are  of  simple  structure  and  have  hut  a  swingle  root ; 
he  htnticj  ones  (MJ.,/m,  m)  very  geiierally  have  more  or  Icsa 
■lex  crown».  which  may  be  iupported  by  from  two  to  four  roots ; 
I  division  of  the  roots  being  unknown  outside  the  MaminaJian 
L  In  many  forms  the  summits  or  sides  of  the  crowns  of  the 
In  icclh  nrny  b<  interpeneiratwi  by  d<cp  rc-cnttring  foldi  of 
,  which  maybe  filled  up  with  cement ;  thc:>c  fold:^  being  cspe- 


/M 


.  inii.— Tank  ol  ihari^  uitt/ihaiotniftwotihrn  ChimpaiuM.     /,  Inckon; 
'    '   I ;  fm,  PranuUira :  m,  Tnj«  noUrt.    (Afl«r  Owtn. ) 


developed  in  many  Rodents  and  Ungulates.  From  this 
it  will  naturally  result  that  when  a  horizontal  section  of  the 
fn  of  such  a  toolh  is  made  by  ihc  wearing  of  the  up[)cr  against 
I  lover  seriesL,  an  extremely  complex  pattern  will  appear,  as  will 
(Jfeca  in  the  figures  of  the  chueli-teeth  of  the  above-mentioned 
Mps  which  are  given  below.  Much  more  rarely,  as  in  the  Horse, 
BC  may  be  an  infolding  of  tlic  enamel  in  the  summits  uf  the 
fenn  of  the  anterior  teeth. 

Wkb  the  exception  of  Ihc  above-mentioned  edentulous  forms,  jn 
lodsdng  Mammals  one  definite  set  of  teeth,  which  is  almost 
9mjk  txmstant  in  nunilicr,  is  developed,  and  this  set  when  it  ap- 
Hs  Dsaally  persists  throughout  the  remaining  portion  of  the  life 
Rs  owner.  In  a  large  number  of  species  this  is  ihe  only  set  ever 
Kloped  ;  and  sudi  species,  or  groups  of  species,  are  conse<iuenily 
I  to  be  i^onophyodeni.  In  the  greater  majority  of  Mammals, 
PCTcr,  the  development  of  occasionally  only  one,  but  usually  of 
number  of  the  anterior  teeth  of  this  permanent  set  is 
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retarded,  and  their  function  filled  for  a  time  hy  an  earlier  i 
of  so-called  milk-teeth ;  such  Mammals  being  accordinglj 
Diphyodont.  As  development  proceeds  the  permanent  teeth  ■ 
Mammals  come  up  beneath  the  milk-teeth,  and  thus  replace 
in  a  vertical  direction  ;  but  there  are  instances  where  certain  of  I 
milk-teeth  have  no  such  permanent  successors,  while  in  otha  1 
the  anterior  teeth  which  come  into  use  with  the  permanent  1 
tion  have  no  milk  predecessors.     Those  Mammals  with  a 


Fig.  iii7-—0uler  lateral  aipect  of  the  left  d«n(iiion  uf  the  Pig  {Sta  trrwlt),  widi  Ac« 
lamina  of  bane  removed,  in  order  lo  exhibit  the  rooti  of  the  teeth,     i,  Incuon;  r,  CaaiM;^ 

Premolara  ;  hTi  True  molan. 


phyodont  dentition  present  the  least  specialised  develoiMnent,  im 
the  milk-series  appears  from  the  latest  researches  to  be  an  addtti 
grafted  on  to  the  permanent  one;  and  there  is  accordingly  no  hoo 
1(^  between  this  definite  single  replacement  and  the  irregular  cc 
tinuous  change  which  takes  place  in  many  Reptiles.  In  some  Ha 
mals,  like  the  Dolphins  {Dtlpkinida),  all  the  teeth  are  so  much  afi 
that  they  cannot  be  divided  into  groups,  and  the  dentition  is  tb 
described  as  Homaodont ;  but  in  the  majority  the  permanent  ted 
either  from  their  position  or  their  mode  of  succession,  can  be  sq 
rated  into  four  distinct  groups  (as  in  figs.  11 26,  1 127),  and  the  d( 
tition  is  then  termed  Heterodont.  In  Eutherian  Diphyodont  Mai 
mals  the  total  number  of  teeth  of  the  permanent  series  does  il 
normally  exceed  44;  and  in  forms  like  Sus  (fig.  1127),  or  the  < 
tinct  Anoplotherium,  where  this  full  complement  is  present,  the  fi: 
three  upper  teeth  (/  i-i'  3)  on  either  side,  which  are  situated  in  i 
premaxills,  are  termed  indsors ;  the  last  three  {m  i-mj),  which) 
distinguished  by  having  no  milk-predecessors,  true  molars ;  the  ft 
submolariform  teeth  {/«  i-pm  i^  in  advance  of  the  latter,  of  whi 
the  last  three  have  such  deciduous  predecessors,  prtmolan;  a 
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ftubconic^l  toolh  (c)  situated  between  the  premolars  and 
(  the  tanitu ;  the  latter  tooth  being  the   first   of  those 

lie  maxilla.  The  same  terms  aic  applied  to  the  corre- 
mer  teeth,  although  it  iriU  be  unnecessary  here  to  indicate 
serial  correspondence  is  worked  out.     For  the  sake  uf 

ich     a    deDtiiion   may    be  expressed    by   the   nutiiencal 

_    -  3 — 3       _  »  — t      _      4—4      ,.  3~i  .    ^ 

-J.  ;   C. ;  Pm.  j  M,  =  44;    but 

3 — 3  '— '  4—4  3—3 

teeth  of  opposite  sides  of  the  jaws  a]wa>'s  coneipond,  such 
may  be  further  Bimplified  into — 

I,  ^;  C.-;  Fm.  ^ ;  M.  ^  =  22x2  =  44. 
31  4  3 

ridual  cecih  of  each  group  are  enumerated  from  befote 

and  by  such  a  formula  as  the  followinj; — vijt., 

,  I.  3,  C,  Pnt.  t.  Pm.  a,  Pm.  3,  Pm.  4,  M.  r,  M.  a,  Af.  3^ 

^-  3*  C.,  Pm.  I,  Pm.  1,  Pm.  3,  Pm.  4,  M.  i,  M.  2,  M.  3, 

tdividuil  tooth  can  be  ftpcci-illy  noted.    Thus,  for  example, 

indicate  the  first  upper  premolar,  and  m.  3  the  third,  or 

true  molar.     It  will  frequently,  moreover,  be  convenient 

of  the  incisors  xnd  the  canine  collectively  as  the  cutting-, 

premoUrs  and  true  molars  as  the  chrfk-tecth.     It  is  very 

the  caae  that  when  the  true  molars  arc  reduced  to  less 

«  it  is  the  hinder  tooth,  or  teeth,  that  disappear ;  in  the 

n  it  is,  however,  frequently  the  anterior  teeth  that  arc  w-mt- 

tnough  this  is  by  no  means  invariably  the  case,  and  there  are 

ees  kriown  where  the  second  and  fourth  disappear,  while  the 

ild  third  remain.     In  the  figure  of  the  lower  dentition  of  the 

given  on  page  1247,  the  two  premolars  arc  usually 

as  /m.  3  and  pm.  4,  but  ic  is  not  certain  that  such  is 

case     Again,  it  has  been  suggested  that  the  two  incisors 

that  species,  in  common  with  other  Frim.iies,  may  be  the 

of  the  typical  EuLhcrian  aeries  of  three,  although  other 

;ard  ihena  as  the  second  and  third.     It  nuy  aho  he  oU- 

t  in  some  groups,  as  the  Carnivora,  the  ^specialised  forms 

lose  the  molani  and  retain  tlie  full  number  of  anterior  teeth ; 

Others,  like  the  Ungulates,  the  reverse  conditioii  obtains. 

^•dentition  may  be  expressed  by  a  similar  formula  with 

Ibc  Icttci  M.  to  the  symbols.     The  typical  milk-series 

be  written  as  M.i.  ?,  M.  c-,  M.m.  5 ;  the  three  milk- 
3  ■  3 

ding  to  the  last  three  premolars  of  the  permanent 

In  a  few  Ungulates,  however,  such  as  Tapirui,  and  some- 
'noares  and  PalaalAerium,  four  milk-mobrs  are  developed. 
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Among  the  existing  Metatheria  the  number  <d  true 

generally  ~,  while  the  premolars  are  veiy  frequently 

4 
number,  and  there  may  be  five  upper  incisors.     In  one  < 
and  several  Mesozoic  members  of  that  subclass,  the  nuiober 
molars  exceeds  four ;  but,  with  the  possible  exception  of  i 
these  extinct  types,  there  is  no  known  instance  of  a 
Mammal  normally  having  more  than  four  premolars ;  and 
is  never  more  than  a  single  canine  tooth  on  either  side  si 
jaw. 

Since  in  Ungulates  it  is  sometimes  difficult  to  <1iirt^ngiiiih 
from  premolars,  it  may  be  well  to  mention  how  the  divisioa  bd 
the  two  series  can  always  be  determined.    Since  the  first  loodi 
true  molar  series  always  comes  into  use  before  the  last  miltiM 
shed,  it  is  obvious  that  in  the  adult  the  first  true  molar  will 
be  more  worn  than  the  last  premolar.     Thus,  in  the  thtee 
Hipparion  represented  in  fig.  1233,  the  tooth  on  the  left 
the  figure  being  more  worn  than  the  one  in  the  middle  11 
shown  to  be  the  first  of  the  true  molar  series  ;  the  other  t«D 
consequently  premolars. 

The  different  types  of  cheek-teeth  will  be  mentioned  undd 
head  of  the  various  orders  and  families,  but  a  few  genoal  obi 
tions  may  be  recorded  here.  Professor  Osbtmi  considers  thit' 
primitive  Mammals  had  simple  conical  teeth  with  undivided  fil 
and  that  the  crowns  of  the  teeth  of  the  upper  and  tower  jam 
tually  interlocked.  Teeth  neariy  approaching  to  this  type  ocxfl 
the  Triassic  Dromathfrium  (fig.  1 140),  while  those  of  the  Dolfl 
are  looked  upon  as  a  reversion  to  this  type.  Another  simple  % 
according  to  the  views  of  the  same  author,  is  that  found  ia  Trdl 
don  and  Priatodon  (fig.  1147),  where  the  upper  and  lower  M 
alike  consist  of  three  cusps  in  a  line ;  the  upper  teeth  biting  oa 
outer  side  of  the  lower.  A  third  common,  and  apparendyi 
generalised,  type  of  tooth  is  that  known  as  the  trituSertular.  1 
consists  in  the  upper  teeth  of  ont  inner  and  two  outer  ciufi^ 
ranged  in  a  triangle ;  while  in  the  lower  jaw  the  reverse  anangtn 
obtains,  so  that  there  is  one  cusp  on  the  outer  and  two  cuspson 
inner  side  of  the  crown.  An  example  of  this  type  of  structm 
its  simplest  form  occurs  in  the  Mesozoic  genus  ^altuother 
Modifications  of  this  type  occur  in  the  lower  teeth  of  many  M: 
pials  {e.g.,  fig.  1 145),  and  also  in  the  lower  camassial  teeth  of 
Camivora,  of  which  mention  is  made  in  the  sequel  The  trie 
cular  tjrpe  of  tooth  is  regarded  by  the  American  Palseontologi! 
one  which  has  given  rise  to  a  large  number  of  the  more  con 
modifications ;  and  it  is  extremely  common  among  the  genen 
Mammals  of  the  Lower  Eocene. 
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lammaU,  sa  in  the  Sauropsida,  the  whole  of  the  primi- 
inau»  cranmni  is  replaced  by  i-xtensive  ossiRcations, 
f  ethmoidal  region ;  and  these  bones,  vrith  the  exccp- 
e  of  the  mandible,  fiyoid  arch,  and  internal  auditory 
»  similarly  articulated  togeiher  at  their  edges  by  suture, 
I  on  there  is  generally  a  tcndcnf:y  10  the  oblitemcioii  of 
I,  this  being  most  marked  in  Mam's.  In  all  cases  the 
i  has  ceased  10  exist  as  a  disltncl  ossificatioii.  It  has 
k  observed  that  the  hinder  pan  of  the  cranium  aniculates 
Bt,  or  atlas,  venebra  by  two  exoccipital  condyles,  and 
ich  of  the  two  rami  of  the  mandible  is  composed  of  a 
articulating  at  its  pruximal  or  hinder  extrcmily  with  the 
if  the  cranium.  Owing  to  the  comjiWif  incorporation  of 
isal  and  parietal  in  the  walls  of  the  brain-ease  there  is 
{irds)  rK>  superior  temporal  arcade ;  but  an  inferior,  or 
■rcade  is  nearly  a]wa>-s  prct^ent ;  and,  as  in  Crocodiles 
tot  in  Birds),  forms  the  lower  border  of  the  orbit.  This 
tporal  arcade,  or  arch,  differs,  however,  from  that  of  moat 
in  that  its  jugal  element  articulator  directly  with  the 
in  vhkh  respect  it  accords  with  that  of  the  I'icynodont 
md  should  be  known  as  a  squamoso-maxiltary  arcade. 
to  the  view  of  Professor  Huxlej-,  the  Sauropsidan  quad- 
een  taken  up  into  the  inner  ear  to  form  the  m.illeus. 
ntiy,  howewf,  other  ■n-riters  h.nve  taken  a  different  view, 
ling  to  Dr  Batir.  the  reprtrscnlativi;  of  the  quadrate  is  to 
n  the  zygomatic  process  of  the  squamosal,  with  which  the 
nUtcs ;  the  quadratoju](al  being  also  represented  at  the 
f  these  two  bones,  Dr  Gadow,  however,  disputes  this 
finds  the  representative  of  the  quadrate  in  the  tympanic 
letennination  according  with  the  view  here  taken  as  to 
Og7  of  the  tygomatic  arcade,  which  appears  to  have  no 
(pi  eientenL 

Rrben,  as  in  the  Primates  and  many  Ungulates,  the  orbit 
1  posteriorly  by  a  bony  postorhilal  b.ir,  the  asrending  pro- 
e  jugal  articulates  directly  with  the  frDnlal,  without  the 
<n  of  the  po«torbital  or  postfronlal,  which  forms  such  a 
U  feature  in  the  Reptilian  skulL 

cases  the  premaxilUe,  maxilla,  and  palatines  develop  in- 
tal  plates  which  meet  in  the  modinn  line  below  the  nasal 
ad  thus  completely  separate  the  Utter  from  the  cavity  of 
,  Except,  however,  in  the  Anteaiers  {Afyr'nfrt}^A/tga),  in 
of  Armadillo  (Tatusio),  in  certain  Cetaceans,  and  in  one 
i  Hyttnodon,  this  flooring  of  the  nasal  passage  does  not 
ckwards  to  include  the  pterygoids,  as  it  does  in  tnadcm 
U.     The  palatines  are  always  placed  behind  the  maxillae. 
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Finally,,  the  sclerotic  of  the  eyeball  never  develops  a  rii^i 
plates  like  that  so  frequently  found  in  the  Sauropsida. 

A  characteristic  feature  of  the  larger  bones  of  Mammal^  i 
one  by  no  means  peculiar  to  the  class,  consists  in  their  < 
from  several  distinct  centres.  In  the  case  of  the  Icmg 
shaft  is  formed  by  one  centre  of  ossification,  while  two  i 
ments  termed  epiphyses  form  the  extremities ;  in  the  aduh  die^ 
of  these  being  welded  together  into  a  solid  mass.  The  loagl 
are  also  tubular,  and  their  vacuity  is  filled  with  the  fatty  nunv 

The  vertebrae  always  have  well-developed  articular  procesa 
their  arches  ;  the  ends  of  the  centra  are  generally  flattened,  I 
the  cervical  region  of  certain  Ungulata.  they  may  be  opisthoco 
Terminal  epiphyses,  so  generally  wanting  in  the  Sauropsida 
nearly  always  present  The  number  of  vertebr%  varies  p 
owing  to  the  great  difference  in  the  length  of  the  tail  in  dil 
species ;  but  in  the  majority  of  Mammals  the  number  of  pcec 
vertebrae  does  not  vary  very  far  from  thirty,  although  in  I 
and  Cholcepus  their  number  reaches  forty.  In  spite  of  the 
difference  in  the  length  of  the  neck  in  different  Mammal 
number  of  cervical  vertebrae  in  existing  forms  is,  with  three  D 
exceptions,  seven.  These  exceptions  are  Manatus  amtrali 
Cholapus  Hoffmanni,  in  which  the  number  is  reduced  to  sii 
Bradypus  tridaetyius,  in  which  it  is  increased  to  nine.  A 
ing,  however,  to  Professor  W,  K.  Parker  there  may  occasii 
be  eight  cervicals  in  the  Pangolin  {Manis).  The  first,  or 
vertebra  always  has  two  articular  cups  for  the  occipital  con 
and,  except  in  certain  Cetacea,  the  second,  or  axis,  has  a  wi 
fined  odontoid  process.  Usually  the  cervical  vertebrae  are 
free ;  but  they  are  anchylosed  together  in  some  of  the  Cetaco 
in  the  Armadillos.  The  dorsal  vertebrae  are  usually  well  de 
from  the  lumbar,  although  this  is  not  invariably  the  case ;  an 
number  of  dorso-Iumbars  in  any  one  given  group  is  usually 
constant,  and  among  the  Ungulata  afTords  assistance  in  classifio 
A  distinct  sacral  region  is  present  in  all  Mammals  except  tb 
tacea,  where  the  iliac  bones  are  absent.  The  number  d"  a 
vertebne  varies  from  three  (certain  Primates)  to  forty-six  (Jfi 
Chevron-bones  are  present  in  the  caudal  region  of  many  long-t 
forms.  The  sternum  is  always  present,  although  varying  greai 
form.  It  usually  consists  of  a  presternum  (fig.  1 1 28,  /)  and 
posterior  xiphistemum  (x),  between  which  are  a  varying  numb 
segments  (m)  constituting  the  meiostemum.  The  segments  ol 
mesostemum  (fig.  1128,  a)  may  be  anchylosed  together;  u 
the  Balanida,  among  the  Cetacea,  only  the  presternum  is  pre 
The  connection  of  the  ribs  with  the  sternum  is  generally  by  ( 
lage ;  but  in  the  Armadillos  the  costal  cartilages  ossify,  and  ue 
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r^Mat  ri^t.     lo  the  anterior  doi^al  region  the  capitulu 

ribs  onicuhlcs  with  the  vertetirx  in  a  pic  at  the  junction 

while  (he  tubercular  head  joins  the  transverse  process 

;d  of  these  two  vcnebne ;  but  in  the  posterior  dorsal 

mro    heads  generally  coalesce      l)r  Raur  regards  the 

ral  Kiticulation  of  the  capicula  in  the  anterior  region  a<t  a 

Tftl  of  the  iniercentrai  stcachmeni  of  the  ribs  of  primitive 

d  to  Thcriodont  Anomondontia,  wliich  has  been  totally 

other  Reptiles ;  and  the  mode  of  costal  articulation  is 


n< 


I,  Surnma  wd  ruhl  catuU  onihcn  of  Mui:  B,  Surnum  ani!  IeA  coiXtl  larilbja 


dly  very  near  to  that  of  those  Anomodonts  which  have 
Dtercentra.     Uncinate  procesnes  are  never  present  on  the 

Mammals  the  pectoral  Umb  is  well  developed.  The  pec- 
me  is,  however,  usually  simpler  than  in  lower  forms ;  the 
persisting  as  a  distinct  bone  only  in  the  Monotremata, 
)wever,  it  anchyloses  to  the  scapulx  .\n  iiiterdavicle  is 
>nly  in  the  last-named  order;  where  it  articulates  with  the 
after  the  Reiwilian  manner.  In  the  Euthcria  the  clavicles 
in  their  complete  development  in  those  grou[>;,  such  as  the 
n,  many  Rodentia.  the  Chiroptcra,  and  the  Primates, 
e  the  pectoral  limb  for  Sight,  Isurrowing,  or  prehension. 
Mctus  frequently  has  an  emcpicondylar  foramen,  like  that  of 
nodont  Kcptiles.    The  radius  and  ulna  retain  their  original 
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pre-  and  postaxial  position  in  the  Cetacea ;  but  in  most  i 
Rials  they  are  crossed  at  their  distal  ends,  so  that  the 
become  reversed,  and  in  the  "  prone  "  or  normal  positioa  > 
the  radial,  or  preaxial  border  of  the  hand,  becomes  intern 
Primates,  however,  these  bones  admit  of  motion  upon  on 
and  when  the  hand  is  "  supine  "  (that  is,  with  its  palm  d 
wards  or  upwards),  the  bones  of  the  fore-arm  occupy  thi 
primitive  position.  In  the  majority  of  those  Mamiiials  w 
are  adapted  solely  for  walking,  the  ulna  is  more  or  less  re 
the  radius,  especially  at  its  proximal  end,  is  much  enlarg 
it  articulates  with  the  whole  of  the  anterior  sur^ure  of  the 
and  thus  comes  in  front  of  the  ulna,  instead  of  at  its  s 
.carpus  essentially  corresponds  with  that  of  the  type  repi 
fig.  829  (p.  907) ;  the  radiale,'  intermedium,  and  ulnare  be 
the  scaphoid,  lunar,  and  cuneiform ;  the  trapezium,  traf 
magnum  representing  the  ist,  2d,  and  3d  carpalia,  and  thi 
the  4th  and  5th  of  that  series.  A  centrale  is  present  in 
of  embryos  of  pentedactylate  forms ;  but  in  the  adult 
fuses  with  the  scaphoid,  although  it  remains  distinct  i 
the  Primates.  In  some  groups  others  of  these  elec 
also  coalesce,  and  one  or  more  may  be  absent  The  p 
presumed  representative  of  the  seventh  digit,  is  genera] 
veloped ;  while  in  pentadactylate  types  there  may  be  an  ( 
representing  the  prepollex.  The  metacarpals  and  digits  n 
in  number  (Proboscidea  and  Primates),  or  may  be  reduc 
or  even  to  one  functional  member.  Among  the  Ungu 
the  metacarpus  is  reduced  to  a  single  functional  element 
Horse,  such  element  is  frequently  termed  the  cannon-itm 
tomy,  however,  this  term  is  more  usually  restricted  to  th 
dium  of  those  Artiodactyla  which  consists  of  the  coale 
and  fourth  metapodials.  Except  in  the  Cetacea  there 
more  than  three  phalangeals  to  each  digit,  but  by  sui^ 
anchylosis  this  number  is  occasionally  reduced ;  and  the 
(pollex)  has  but  two  phalangeals.  The  pelvic  girdle  is 
developed  in  all  Mammals  except  the  Cetacea  and  Sireni 
the  aduit  the  three  elements  coalesce  to  form  an  infumii 
The  pubis  and  ischium  of  the  same  side  always  unite  to  e 
obturator  foramen  ;  and  the  two  pubes  meet  in  a  ventral  • 
which  is,  however,  not  completely  united  in  certain  Insed 
a  large  number  of  instances  the  ischia  meet  in  a  ventral  1 

'  Since  the  preceding  chapters  were  in  type,  Dr  Baur  bu  expmsec 
that  the  bone  termed  radUle  in  fig.  829  is  reallr  ■  tecood  cenirale  ;  1 
radiale  is  represented  by  a  minuie  bone  generally  known  m  the  ndii 
The  Mammalian  scaphoid  is  accordingly  also  regarded  a«  a  second  c 
the  same  communication,  Dr  Baur  exprejses  his  disbelief  in  the  exist 
nants  of  a  prepollex  and  of  a  seventh  digit  in  Mammals  and  oihei  V< 
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itly  etongatnl  in  Miiie  Un^uLiCcs  {fig.  1 1 3&  di's),  bui  in 
es  and  soint:  other  (wmt.  there  is  no  such  union.  In  (he 
kU    and    Monupiolia  trpipubic,  or  marm/ia/,  hotKH  arc 

the  anteriur  border  of  ihc  pubic  symphysis  (fig.  1 131J). 

may  have  a  third  trocKanlcr  (fig.  taib)  for  the  atlAch- 
ic  of  the  gluteal  muscles.     The  tibia  and  fibuU  ari-  never 

their  di^ataJ  extremity,  but  lie  in  their  primitive  parallel 
the   tibia,   or   prcaxial  bone,  being  internal  in  the  usual 

ilion,  and  the  fibula  external.  The  latter  bone  may  be 
ruditnentar)',  and  completely  aiichy!o»cd  ai  one  or  both 


tt 


->^  %  , 


1$ 


ae 


vh 


^Kt.—Tht  UA  die  «f  ttw  ptiiuaf  ihe  Eland  (OrtMi  taiuui\.  OncttTtb  nuanil  tiie. 
li,  IkIuiwb;  >■  SrBphriii  «r  dbi  ■,  EjiphyiUan  >)iini4iy>U  of  licbluin  and  vubi>; 
tt,  ffbtvr%lar  t 


ties  to  the  tibtJi.  The  patella  is  present  in  all  except  some 
la.  If  the  pes  (fig.  1139}  be  cntnpared  with  the  typicil 
mentioned  on  p.  907,  it  will  he  Tound  Ihai  the  libiiUre  i» 
ited  by  the  calcancum,  which  may  also  contain  an  clement 
londing  lo  the  jHsifunii  of  (he  inanu.t :  the  a»tni^alus  has 
iually  r^ardcd  as  the  coalesced  tibiale  and  ijitemiedium, 
ht  by  Or  Baur  to  correspond  solely  to  the  latter : 
I-,  and  cctocuneifomi  reprcBent  the  ist,  ad,  and  .^d 
]  while  the  4th  and  5th  tnntatia  have  coalesced  to  form  the 
The  cenliale  persists  as  the  navicular,  which  may  unite 
cuboid.*  Other  modifirations  occur  an.ilogous  to  iho^e 
Orpos;  but  in  no  instance,  as  already  obser\-ed,  is  the  joint 
the  leg  and  the  pes  fontred  on  the  line  Ixitwcen  the  proxi- 
Bd  disul  rows  of  the  tarsus.     The  meUlorfals  and  phnlan- 

Ittdekbin  liu  poinied  out  to  the  wnici  thfti  in  Cryfifprttia  ihcre  may  lie 

tfoini. 


)  otatnle,  which  luually  <oal««xi  with  ibc  ectocauct. 
>  IL 


a  A 


i 
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geals  repeat  the  characters  of  the  homologous  bones  of  th 
although  they  deviate  in  a  lesser  degree  from  a  conun 
In  the  Cetacea  and  Sirenia  the  pes  is  entirely  absent ;  althi 
proximal  portions  of  the  pelvic  limb  may  be  detected  in  an 
form  in  many  genera. 

We  may  now  talce  a  brief  glance  at  the  general  distril 
time  of  the  Mammalia,  in  the  course  of  which  we  shall  tun 
stall  some  of  the  information  given  in  the  sequel 

If  the  theory  of  evolution  be  the  true  eiqilanadfKi  of  t 
of  nature  we  should  expect  to  find  that  the  earliest  repres 

of  the  class  would  be  smal 
more  or  less  closely  related 
another,  not  numerous  in  genei 
and  allied  to  those  orders  whi 
comprise  the  most  generalise 
sentatives  of  the  class.  Our  kr 
of  these  earlier  types  is  indeed 
ingly  imperfect,  but  so  far  as  i 
appears  to  accord  fairly  well 
foregoing  conditions ;  all  the 
forms  being  of  small  size,  an 
ently  more  or  less  closely  allie 
existing  Marsupials,  and  probi 
to  the  Monotremes  and  peri 
Insectivores.  The  earliest  evi 
the  occurrence  of  Mammals  ye 
is  in  the  upper  portion  of  the 
system,  which  forms  the  bast 
great  Mesozoic  period.  Of 
known  genera  from  these  dep 
larger  type,  termed  Dromalfut 
hibits  some  curious  approximations  in  the  structure  of  its 
Reptiles  and  Amphibians,  and  it  is  possible  that  we  may 
this  form  an  ancestral  type  of  the  Prototheria.  In  th 
Jurassic,  immediately  above  the  Lias,  remains  of  small  ! 
become  more  common,  and  in  the  Upper  Jurassic  they  ai 
abundant,  although  they  comprise  comparatively  few  genei 
These  Jurassic  Mammals  are  readily  divisible  into  two  grouj 
guished  by  the  characters  of  their  teeth.  Of  the  first  groi 
ample  of  the  lower  jaw  is  shown  in  fig.  1141,  p.  i»74,  wht 
be  seen  that  the  teeth  are  very  numerous,  the  hinder  one 
several  sharp  cusps  on  the  crowns.  Although  there  has  be 
discussion  as  to  the  affinities  of  these  small  Mammals,  it  is 
that  they  are  realty  Marsupials  of  the  suborder  Polypro 
with  a  relationship  to  the  Australian  KnttaXa  {Myrmteotiu: 


Fig.  1119.  —  nortal  a«pcct  or  ihe 
right  pcK  or  Mul.  Retluced.  Ca, 
Cucancum  (fibulirc  4-  T  piiiroim) ; 
Atf  A,<itraeatii-^  (imcrmcdium) ;  c. 
Navicular  (centralc);  Cti,  1-3,  Ento^. 
meM>-,  and  cctocunciform  (iftt,  ad,  3d 
lar^alLa):  Cub,  Cuboid  (^tn,  5th  tar- 
salta):  i-v,  MctatarsaJ!!.  (After  Wie- 
dcr^hcLin.) 
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aatl  see  in  the  setiuel,  is  the  only  existing  hetcrodont 
I  witH  more  ihan  four  cruc  molars.  In  the  second  group 
tition  is  of  a  very  dificrcnt  type ;  the  lower  jaw  having  a 
jkur  of  curved  and  chiscMikc  incisors,  separated  by  an 
from  the  chee):  -leeih,  which  are  characieriised  by  the 
£  of  one  ur  more  lun^tudinal  grooves.  The  serial  position 
i  group,  whK:h  has  been  named  Multituberculau,  is  still 
o  doubt,  but  not  improbably  it  may  indicate  an  extinct  order 
Kotheria. 

irou^hout  the  greater  part  of  the  Cretaceous  period  our  know- 
It  t>f  Mammalian  Mh  is  a  blank,  doubtless  owing  to  the  ctTcum- 
IX  that  the  grisitcT  iwrtion  of  the  Cretaceous  beds,  such  as  the 
ft,  t»  of  jHirely  marine  origin  ;  hut  evidence  has  recently  been 
joned  of  Uie  existenec  of  a  Mammalian  fauna  in  the  topmost 
jlKtous  of  North  America  allied  lo  [hat  of  the  JuniNsic. 
flTah  the  dawn  of  the  Tertiary  period,  which  may  be  rej^rded  as 
fifst  commencement  of  the  present  order  of  nature,  we  meet, 
iMwr,  with  an  abundant  Mamntnlinn  faun:],  containing  repre- 
Utivcs  of  nearly  all  the  cxistmg  orders,  but  aNci  including  several 

Kinal  tv-pcs  now  totally  passed  away,  some  of  which  are  of 
e  intercut  to  the  zoologut  as  connecting  together  more 
Hea  completely  groups  which  are  now  M-idely  separated.  In 
'  Eocene  wc  are  indebted  lo  the  palscontologiM.s  of  the  New 
irM  for  mo6t  of  our  knowledge  of  these  primitive  connecting 
ts  ;  but  we  can  only  afford  space  to  notice  very  briefly  some  of 
'  more  iiitereuing  group». 

Of  CarDivDTOUs  types  there  ia  a  group  of  Eocene  genera  known 

the   Creodonta,    remarkable,    among    other   features,    fur   their 

tcralibcd  denblion,  which  has  resemblances  lo  thai  of  the  Poly- 

Kodonl    Nfarsupialia  and  Insectivora,  and  also  to  that  of  the 

Carnivort,  of  which  these  forms  were  probably  the  anccs- 

We  thus  have  indications   how  the  Camivora  of  the  present 

ly  have  been  gradually  evolved   from  a   Marsupial  type  by 

of  forms  more  or  le*»  nearly  relatrd  to  the  Insectivora  of 

Ent  epoch.     In  another  direction  the  Kocene  has  afTorded 

of  a  transition  from  the  Insectivorous  type  towards  that 

l^cmuroid  Primates,  and  we  may  thus  readily  conceive  how 

higher  members  of   the  latter  order  may  likewise  trace  back 

or^in  lo  the  same  primitive  stock, 

the  present  tlay  no  orders  of  Mammals  appear  more  sharply 
ined  from  one  another  than  the  Carnivores  and  tiie  Ungulates. 
the  Eocene,  however,  we  meet  with  a  group  of  primitive  Un- 
otes,  known  ».%  the  Condylarthra,  presenting  such  remarkable 
emblances  to  the  primitive  Camivore^t,  that  wc  are  led  to  the 
tclusion  that  the  Ungulates  are  probably  another  liranch  derived 
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from  this  same  prolilic  stock.  From  this  Condylarthrous  sabot 
we  have  abundant  evidence  that  the  two  existing  suborders  tt 
Artiodactyla  and  Perissodactyla,  now  so  sharply  distinguished^  h 
both  taken  their  origin ;  and  perhaps  the  Hyracoidea  may 
trace  their  derivation  from  this  group.  Ano^er  extinct  Eon 
suborder  of  Ungulates,  comprising  the  Coryphodons  <^  Europe 
.\merica,  and  the  huge  and  uncouth  Dinocerata  of  the  Un 
States,  tends  to  show  a  connection  between  the  Perissodactyk 
Proboscidea,  which  till  recently  were  referred  to  distinct  orden. 
All  living  Ungulates,  as  we  shall  subsequently  mention,  we 
tinguished  by  the  total  absence  of  clavicles,  but  in  the  remaikil 
Typotherium,  of  the  Pleistocene  of  South  America,  these  bonei 
retained.  In  its  dentition,  moreover,  that  genus  shows  fotn 
now  peculiar  to  the  Rodents ;  and  by  its  help,  together  with 
evidence  afforded  by  an  Eocene  group  known  as  the  Till^ 
we  can  dimly  see  how  the  Rodents  may  have  been  connected 
the  ancestors  of  both  the  Ungulates  and  the  Carnivores. 

Having  seen  from  these  brief  notices  how  intimate  z^ipeaa 

have  been  the  relationship  between  the  chief  terrestrial  onten 

Mammals  in  the  Lower  Eocene,  we  may  glance  at  the 

afforded  by  the  Mammals  of  the  Eocene  as  to  the  comieditfj 

between  some  of  the  families  of  these  orders.     Among  the  Oit 

nivora,  no  two  families  are  better  distinguished  than  the  Dogi,  dC 

Canida,  with  their  triangular  upper  molars  and  digiiigrade  ftf^ 

and  the  Bears,  or   Ursida,  in  which  the  upper  molars  are  rhoB- 

hoidfti  and  the  feet  are  plantigrade.     In  the  Eocene,  however,  K 

have  Ampkicyon,  with  the  teeth  of  a  Dog  and  the  limbs  of  a  Bar; 

and  in  the  later  Tertiary  the  Bear-like  Hyanarctus,  of  which  Ae 

dentition   retains  many  Oog-like  features.     So   perfect,  indeed,  it 

the  transition  between  Dogs  and  Bears,  that  it  seems  convenient  ti 

include  both  groups  in  a  single  family.     Again,  in  another  directing 

the  Dogs  of  the  Eocene  seem  to  pass  imperceptibly  into  theCrnn 

{Viverridie)  through    Cynodktis ;  while  it  is  almost   impossible » 

distinguish  the  Civets  from  the  Hyaenas  on  the  one  hand,  andlbe 

Cats  {Felidie)  on  the  other.     Still  more  remarkable  is  the  appinal 

connection  in  the  Eocene  of  the  Civets  with  the  Weasels  {M<u- 

lelidie),  since  these  two  families  are  widely  sundered  at  the  pro- 

ent  day. 

Turning  to  the  Ungulates,  at  the  present  day  the  Artiodanybtt 
suborder  can  be  readily  divided  into  four  sections — vit,  the  Pip, 
or  Suina  ;  the  Camels,  or  Tylopoda ;  the  Chevrotains,  or  Traguliiu; 
and  the  Cattle  and  Deer,  or  Pecora.  When,  however,  we  go  bid 
to  the  early  Tertiary,  we  find  a  complete  transition  from  the  Suittt 
to  the  Pecora ;  while  it  is  almost  impossible  to  distinguish  Deer 
from  Chevrotains ;  and  the  early  Camels  exhibit  signs  of  clo>t 
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ion  with  ihc  other  families.     Similarly,  at  the  5amc  {iciind 

of   the  Old   Wcwld   appear   to   be   inscnarahle   from    the 

of  the  New;  while  ihc  Giraffes  were  proI>abIy  as  closely 

with  the  Antelopes  on  the  one  hand,  and  the  Deer  on 

Again,  in  ihc  Pi:ri^%ud^ctylale  subordtrr  Tapir  like  funiia 

to  have  pas.sed  into  Rhinoceroses  on  the  one  hand,  and  into 

on  the  other. 

ly   other  equally  striking   instances  could   be   cited    of   the 

connection  of  the  Eocene  MammaU  with  one  another  ;  but 

has  been  stated  to  show  that  the  present  sharply  defined 

of  the  orders  and  families  into  which  vi-c  find  it  con- 

to   divide  the   r.las!i    1.%,    so   to   &pcak,   but   a    feature    of 

[llic  TiOirer  Eocene  all  the  genera  of  MammaU  appear  to  be 
hot  in  the  Upper  divwion  of  the  same  period,  which  is 
Jy  termed  the  IjOwct  Oligoccne,  we  meet  with  a  few  existing 
surh  as  DidiJphys^  /i/tiitMeros,  i^iverra,  Musle/a  (VVea«el), 
cihaiis  Cant's.  In  the  succeeding  period,  or  Miocene,  existing 
Ijerome  more  common  :  thus  in  the  Lower  and  Mitldk-  divi- 
iis  of  that  period  wc  meet  with  Otters  {Lutra).  Rhinweros,  Tapirs 
m),  and  (}ibl>ons  [NyloSatti).  The  middle  division  of  the 
le  is,  indeed,  noteworthy  for  the  appearance  of  Anthropoid 
I  and  the  ProboKcirleo,  or  Klephants  and  Mastodons.  Deer  of 
genera  are  abundant ;  but  ihese  were  either  devoid  of  antlers, 
these  appenda|{e«  were  presenl,  they  were  small  and  simple. 
teeth  of  lite  Ruminant  Ungulates  {Deer  and  Cuttle)  were, 
low-crowned  or  braehydoni  (5g.  isij),  and  the  Rhino- 
had  in  most  cases  not  yet  developed  horns, 
the  commencement  of  the  i'liocene  period  the  Mammalian 
assumes  a  much  more  modem  appe.ira.nce.  Thus  we  have 
[lines  (ffysirix),  Ii)'3!nas.  targe  'ligcr-likc  C!ats  {Jvlis),  numer- 
Antelopcs,  Giraffes,  Deer  (Cervus),  and  Horse-like  antmah 
■urn) ;  while  in  India  true  Elephants  {F.Uphas)  had  made 
appearance.  'Iltere  was  stilL,  however,  a  lai^o  number  of 
ct  genera.  By  this  time  many  of  the  Tlccr  h,^d  acquired 
Neated  antlers ;  many  of  the  Ruminants  had  tall-crowned  or 
W  teeth  ;  the  Rhinoceroses  had  horns ;  and  the  I'igs  had 
large  tusk*  in  the  males.  In  India  during  some  t>onion 
PHoccnc,  not  only  Elephants,  but  true  Horses  (E^uusX 
tami,  WoK-es,  Bears  (f/nw*),  and  Oxen  {lion)  had  already 
ide  their  appearance ;  but  in  Europe  these  genera  arc  unknown 
fore  the  top  of  the  Pliocene,  when  we  first  meet  with  remains  of 
few- cxiMmg  Hpccicit,  such  a-s  the  .\frican  Hippopotamus  and  the 
iped  Hywna. 
to  the  succeeding  Pleistocene  period,  which  may  in  reality  be 
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regarded  merely  as  the  commencement  of  the  epoch  in  wfaiiA^ 
are  now  living,  the  greater  number  of  the  Mammals  of 
belong  to  existing  genera,  and  a  considerable  proportion  of 
living  species,     'llie  fauna  of  Europe  in  the  early  part  of  thii] 
included,  however,  a  large  number  of  Mammals  belonging  to  | 
or  species  now  confined  to  the  wanner  regions  of  the  globes  i 
as  Rhinoceroses,   Hippopotami,   Elephants,   Lions,  Hysnu, 
and  it  was  not  till  after  the  great  cold  of  the  glacial  period  I 
these  generic   types  were  finally  swept  away  from  the 
area.     In  many  other  parts  of  the  World  the  Pleistocene 
was  equally  prolific  in  large  forms  of  Mammalian  life,  morecrl 
closely  allied  to  those  now  inhabiting  the  same  areas,  of  whidi ' 
have  remarkable  instances  in  the  extinct  Edentates  of  South . 
and  the  Marsupials  of  Australia,  many  of  which  vastly  exceeded  i 
size  their  living  relatives.     Science  has,  indeed,  yet  to  account  i 
factorily  for  the  disappearance  of  this  exuberant  life,  and  the  i 
quently  impoverished  fauna  among  which  we  now  dwell. 

In  regard  to  the  Mammals  of  the  Eocene,  we  have  alreadyi 
marked  that  they  are  frequently  of  a  more  generalised  type 
those  now  existing,  and  in  many  groups  a  well-marked 
specialisation  can  be  traced  as  we  approach  the  existing 
Thus  many  of  the  Eocene  Mammals  possess  the  full  Eut 
complement  of  forty-four  teeth,  which  in  the  Ungulates  were  mnt^ 
uniform  in  size,  less  conspicuously  differentiated  into  groups,  nl' 
more  approximated  to  one  another  than  in  recent  forms.  In  the 
older  Ungulates,  moreover,  the  crowns  of  the  cheek-teeth  were  re- 
latively short ;  and  we  can  trace  a  gradual  increase  in  the  height  of 
the  crowns  as  we  advance  in  time,  this  increase  affording  a  greater 
capacity  to  withstand  wear,  and  thus  indicating  a  greater  length  df 
life  in  the  individual.  In  other  instances  we  may  observe  a  gradnd 
reduction  in  the  lateral  digits  of  the  typical  pentedactylate  limb^ 
accom]>anied  by  a  progressive  elongation  and  strengthening  of  ooe 
or  more  of  the  remaining  digits.  Again,  it  has  been  shown  thit 
there  has  been  a  gradual  increase  in  the  relative  size  and  the  com- 
plexity of  the  brain  as  we  approach  the  present  day.  Thus  the 
Eocene  Mammals,  as  a  rule,  had  very  small  brains,  in  which  the 
hemispheres  left  the  cerebellum  nearly  uncovered,  and  were  them- 
selves nearly  smooth,  or  but  slightly  convoluted ;  while  in  the  higher 
forms  the  hemispheres  spread  backwards  over  the  cerebellum,  and 
are  often  marked  by  most  complex  convolutions.  In  some  Eocene 
Ungulates  the  brain  was  so  small  that  it  could  pass  through  the 
neural  canal  of  the  lumbar  vertebrse. 

tinally,  it  should  be  observed  that  we  may  trace  a  gradual  e^x)lu- 
tion  of  local  faunas.  In  the  Eocene  of  any  given  region  we  find 
the  Mammals  differing  widely  in  generic  types  from  those  now  in- 
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that  arcA.  yet  as  we  aM:end  in  tbi:  gcolugic^tl  s<:alc  vrc  trace 
appronimaiion  to  the  existing  fauna;  ;ijk1  in  the  Flcisto- 
find  the  cfaaxacteristtc  features  of  Jiuch  fauna  distinctly 
oui,  although  many  of  the  gcni;ric  typrs,  e&pecia)]^  those 
forms  of  large  corporeal  bulk,  may  Ik  diflcrciit.  Ex- 
of  ibesc  features  are  nfToTded  by  the  Mamupials  of  ihe 
of  AuiiUalta,  oiid  the  numerous  Edentates  of  the  same 
in  South  America ;  although  it  in  practically  ceilain  thai  in 
case  the  fauna  has  always  been  Marsupial,  and  therefore 
ror  less  closely  related  to  the  present  one.  Thm  many  of  the 
Mammalian  fiuna)^  now  rharacieristic  of  particular  ro^ons 
I  itut  thu:s  circumscHlKc)  till  a  late  period  is,  however,  shown  by 
urrcnre  of  Baboons,  Hippopotami,  (iiraffcs,  and  /Urican 
•  oi  Antelopes  in  the  Pliocene  and  I'lcistoccnc  of  India  and 
of  Europe ;  and  equally  by  the  Mammals  of  the  Pleiiitocene 
being  in  many  rases  specifically  identical  with  those  of 
.  while  the  number  of  common  species  h  now  very  few  indeed, 
iin,  many  forms  like  the  Rhinoceroses  and  Horses,  which  are 
Mi  exclusively  Old  World  types,  formerly  wandered  over  the  plains 
America,  anil  thus  point  to  a  more  unifonii  distribution  of  types 
now  exisu.  There  are,  huwever,  itidications  of  certain  groups 
Mammah  having  always  been  restricted  to  one  hemisphere, 
we  ha*-e  no  evidence  of  the  existence  of  Apes,  Hyrenas,  or 
.  at  any  epoch  in  the  New  World  ;  and  neither  arc  there  any 
of  the  Dinoccrau  or  Titanoshtriidtr  in  the  Old  World, 
was  considered  probable  *oine  years  ago  thai  the  Maunnalia 
directly  descended  from  some  primitive  Amphibian  types,  and 
|wt  they  stood  altogether  apart  from  the  Reptiles.  The  striking 
JHemblance  of  the  pectoral  girdle  of  the  oviparous  Monotremes  to 
Itat  of  many  Reptiles,  and  more  especially  the  Anomodonts,  to- 
pether  with  the  remarkable  approxmiaiion  to  n  low  Muniinalian 
9pe  presented  by  the  skeleton  of  the  latter,  renders  it,  however, 
Mac  probable  that  Mammals  are  a  divct(;i:nt  branch  of  the  sanie 
itphibian  stock  which  gave  origin  to  the  last-mentioned  group, 
Iced  they  he  not  the  direct  descendants  of  the  earlier  forms 
It  group.  I)r  Baur,  who  considers  that  Mammals  were  dc- 
from  true  Reptiles  allied  to  the  primitive  Khynchoccphalia 
Ud  SaorapterygLi,  has,  propof;cd  thnt  the^e  early  hyixtthelical  forms 
Ultmld  be  tenncd  Sauroniammalia.  Professor  Mivart  has,  indeed, 
that  Mammals  may  have  had  a  dual  otij;in  ;  and  that 
Be  the  Monotremcs  may  have  l>een  derived  at  a  comparatively 
date  from  the  Anomodonts  or  kindred  types,  the  Marsupials 
Bay  have  ori^nalcd  at  an  earlier  epoch  from  a  totally  distinct  and 
pvinps  Amphibian  stock.  M.iny  objections  have,  however,  Iwen 
tins!  this  view ;  and  Mr  Poulton  cxpicascs  his  opinion  that 
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"  whether  the  Monotremes  are  the  descendants  of  the  i 
Mammalia  or  not,  it  is  quite  certain  that  the  hi^er  Mammi 
at  one  time  have  passed  through  a  condition  such  as  now « 
the  Monotremes,  in  nearly  all  parts  of  their  organisation  ;  an 
powerful  arguments  can  be  brought  against  the  assumption  i 
same  stage  has  been  reached  independently,  and  at  widely  se 
periods,  in  the  course  of  evolution." ' 

In  the  following  chapters  are  given  the  leading  palseoot 
characters  of  each  order  of  the  class,  with  the  range  in  time 
different  groups,  and  the  names  of  the  more  important  genen 
number  of  genera  is,  however,  so  great  that  only  a  very  br 
general  sketch  of  their  characters  and  afiinities  can  be  given ; 
attention  being  drawn,  where  it  may  seem  necessary,  to  those 
types  which  are  of  more  than  ordinary  interest  from  an  e\'oli 
point  of  view. 

'  The  opinion  has  been  recently  exprened  by  some  Continental  writen 
Cetacea  are  the  roost  archaic  type  of  Mamoials,  and  that  they  haTe  bee 
derived  from  the  Ichlhyopterygian  Reptiles.  There  is,  however,  so  ■ 
dence  against  this  view  that  it  may  be  contideied  a*  pncticftlly  dispcDie 
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CHAPTER    LIX. 

CLASS   MAMMALIA— amtinued. 

Orders  Monotrehata  and  Marsupialia. 

LASS  I.  Prototheria. — This  subclass,  now  represented  by 
:wo  genera,  may  be  characterised  as  follows.  The  brain  has 
fc  anterior  commissure,  and  a  very  small  corpus  callosum ;  * 

the  auditory  ossicles  are  simple,  and  the  stapes  is  rod-like 
nelliform).  The  coracoid  is  a  distinct,  although  small,  bone, 
'losing  in  the  adult  to  the  scapula,  and  articulating  with  the 
im  ;  while  there  is  a  separate  precoracoid  (epicoracoid),  which 
not  articulate  with  the  scapula,  and  also  a  large  T-shaped  inter- 
:Ie  ;  the  form  and  relations  of  these  bones  being  very  like  those 
e  corresponding  parts  of  the  skeleton  in  the  Anomodont  Rep- 
The  pelvis  has  epipubic  bones,  and  the  ilia  are  inclined  to 
icral  axis  after  the  Batrachian  fashion ;  thus  resembling  those 
e  Pariasaurian  Anomodonts.  The  urinogenital  and  excretory 
IS  open  into  a  common  outlet,  or  cloaca  ;  and  the  former  are 
similar  to  those  of  the  Sauropsida ;  the  mammary  glands  are 
avided  with  nipples,  and  the  reproduction  is  oviparous ;   the 

being  meroblastic  like  those  of  Birds. 

nay  here  be  observed  that  the  small  bone  in  the  pectoral  girdle  of 
Honotremes  placed  in  advance  of  the  coracoid,  which  is  usually 
xi  the  epicoracoid,  appears  to  correspond  with  the  precoracoid  of 
jiomodont  Reptiles  *  (fig.  978  bis,  p.  1054),  although  it  docs  not  ex- 
upwards  to  articulate  with  the  acromial  process  of  the  scapula,  as 
inomodont  precoracoid  articulates  with  the  process  of  the  scapula 
ified  by  Sir  R.  Owen  with  the  acromion.^  Further,  the  scapula  of 
lonotremes  differs  from  that  of  all  other  Mammals,  and  resembles 


he  structure  connecting  the  two  hemispheres  of  the  brain. 

tiis  appears  to  be  the  view  taken  by  Professor  Cope. 

his   is  the  original   view.      In  deKribing  the  scnpiila  of  Plalyfiodasaurus, 

.   Owen   confused  the  process  situated   above  a  "i   fig.   gyS  6is  with  that 

-d  a,  and  tenned  the  fonner  the  acromion. 
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that  of  Reptiles  in  that  the  acromion  is  situated  on  the  anterior  v 
axial  border,  which  in  the  higher  Mammals  has  become  twisted 
to  the  dorsal  surface  to  fonn  the  spine  of  the  scapula.    The 
some  of  the  Anomodont  Reptiles  appears  to  indicate  how  this 
the  preaxial  axial  to  fonn  a  ridge  on  the  dorsal  suz&ce  has  taken 


At  the  close  of  the  precetling  chapter  reference  has  been 
the  relationship  of  the  Prototheria,  or  rather  of  its  existing 
sentatives  the  Monotremata,  to  Reptiles  and  Amphibia,  lit 
ture  of  the  pectoral  and  pelvic  girdles  presents,  indeed,  so 
striking  resemblances  to  the  same  parts  of  the  skeleton  in 
Labyrinthodont  Amphibia  and  Anomodont  Reptiles,  as  to  inA 
as  already  mentioned,  a  distinct  genetic  connection  betweet 
three  groups ;  the  characters  of  the  humerus  aj^arently  indkl 


Fie.  iijo.— A.  Lateral  view  of  skull  of  fcitiVaa;  M,Do.  at  OrmilM»rtr^AMa:  ci 

manJible  of  do. ;  u,  Siernnl  riuion  of  do.   (,  Clavicle;  (,  InterclBviclcijt,  Pw 

sternum ;  r.  Ribs  ;  ir,  Sienial  ril» ;  i>,  laicrmcdule  Kb* ;  ■■,  Connllcl. 
Flower;  ihe  others  after  Giebel.) 

that  the  nearest  relationship  is  with  the  Anomodonts.  Tfce 
ciduous  teeth  of  Ornithorhynchus  indicate,  moreover,  witbout 
doubt  that  the  ancestors  of  the  Monotremes  were  provided 
persistent  teeth,  which  were  probably  monophyodont.  H 
over,  a  distant  resemblance  between  these  deciduous  teeUi 
the  cheek-teeth  of  the  extinct  group,  mentioned  below  under 
name  of  Multituberculata,  suggests  that  these  forms  may  themsi 
be  Prototheria.  If  this  should  prove  to  be  the  case,  it  would 
be  ap[urent  that  that  branch  of  the  subclass  could  not  have 
the  ancestral  stock  of  the  Marsupials ;  and  we  shall  accord 
have  to  look  for  another  group  or  order  of  Prototheria,  wi 
dentition  akin  to  that  of  the  Pol)-protodont  Marsupials. 
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quite  within  the  bouivls  of  probability  (hat  (he  fiiniily 
i$da  mentioned  under  the  head  of  ih«  latter  group 
to  be  Prolotherians.  And  in  any  case  it  is  quite 
that  the  vko  exiting  genera  of  Monotremcs  can  in  no 
looked  upon  as  actual  ancestral  t>-pes. 

MoNOTKiiMATA. — ;\s    already  mentioned,   both    the 

,  genera  of  Protothcrians  arc  included  in  this  order,  which 

'  pccnrisianally  characterised  by  the  proiluction  nf  the  cranium 

or  less  elongated  rostrum  supporting  a  horny  beak  ;  by 

cc  of  lecth  in  the  fully  adult  animal ;  the  smoothness  of 

;  and  ihe  absence  of  ar  auditory  bulla.    The  humerus 

'expanded,  and  lia:i  an  L-ntepicondylar  foramen  ;  its  whole 

approximating  to  the  corresponding  bone  of  the  Anomodont 

(fig-  983). 
ILV  ORNrmoRHYNCHiDX. — In  this  family  the  evrcbral  hemi- 
arc  smooth  ;  the  extremity  of  the  muzzle  is  produced  into  a 
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losd  bcak-like  expansion  (fig.  1131);  tcclh  arc  present  in  the 
img.  and  are  succeeded  by  horny  platen  or  comules  (fig.  1  130,  b, 
inii  the  skin  is  covered  with  hair.     The  feet  arc  webbed.    This 
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family  is  represented  solely  by  the  genus  OmitfiorhynekMS  (fig. 
of  which  a  single  species  inhabits  the  Australian  rivers,  in  the 
of  which  its  burrows  are  constructed  According  to  the  d 
tions  of  Mr  O.  Thomas,  it  appears  that  there  are  usually  m 
on  either  side  of  the  upper  and  three  in  the  lower  jaw,  whidi 
till  the  animal  is  somewhat  more  than  one-third  grown.  Tbea 
have  at  first  stnall  but  distinct  roots,  and  present  a  distant : 
blance  to  the  true  molars  of  some  of  the  Multitub«cubti 
MieroUstes ;  one  of  their  longitudinal  walls,  or  ridges,  catr 
number  of  minute  cusps.  It  appears  that  the  comules  grow 
neath  and  around  these  teeth,  which  are  gradually  worn  ava 
finally  shed  like  the  milk-molars  of  other  Mammals ;  the  hott 
the  comules  being  the  remnants  of  the  original  alveoli. 

Family  EcHiDNiD-e. — The  second  family  is  characterised 
convoluted  cerebral  hemispheres  ;  the  production  of  the  mun 
a  long  tube-like  beak  (fig.  1150,  a);  the  slendemess  of  the 
dible ;  the  total  absence  of  teeth ;  and  the  presence  of  stout 
mingled  with  the  fur.  Further,  the  feet  are  very  strong,  and  at 
for  digging,  and  the  centre  of  the  acetabulum  is  imperfectly  o 
There  are  two  living  species  found  in  Australia  and  New  C 
both  of  which,  at  least  for  paUeontological  purposes,  may  be  in 
in  the  genus  .£cAf'i/ffti,  although  the  hige  £.  Bnnjmii,  of  New  C 
is  frequently  separated  under  the  name  of  J'roecAidMa.  Ri 
of  a  large  species  considerably  exceeding  the  latter  in  size  bav 
obtained  from  the  Pleistocene  of  New  South  Wales. 

Group  Multituberculata. — In  this  place  it  will  be  com 
to  notice  a  group  of  very  imperfectly  known  Mesoroic  anc 
Tertiary  Mammals  which  were  formerly  regarded  as  Dipn 
Marsupials  allied  to  Tkylaojleo,  but  which  differ  in  several  n 
from  that  group,  and  may  perhaps  eventually  prove  to  be  mi 
of  the  subclass  Prototheria,  Although  these  peculiar  for 
semble  the  Diprotodonts  in  having  a  single  pair  of  lower  i 
like  those  of  Rodents,  while  many  of  them  also  appronn 
certain  members  of  the  same  group  in  having  a  secant  and  g 
fourth  premolar  ;  yet  they  differ  in  that  it  is  the  second  in  p 
the  first  upper  incisor  which  becomes  enlarged  and  c^po 
the  incisor  of  the  lower  jaw ;  while  when  the  fourth  lower  pr 
is  secant  the  summit  of  its  crown  is  extremely  convex  inst 
more  or  less  concave.  The  true  molars,  as  already  men' 
appear  to  approximate  in  general  structure  to  the  deciduous 
teeth  of  Ornilhorkynehus,  and  are  quite  unlike  those  of  any 
Marsupials.  Till,  however,  the  structure  of  the  pectoral  gi 
known  the  serial  position  of  these  forms  cannot  be  definiteh 
mined.  And  it  may  be  observed,  that  the  humerus  of  th 
which  may  be  referable  to  Triiylodon  is  unlike  that  of  the 


BO  that  if  tlwse  fornw  be  Prototheria.  they  probnbly  indi- 
tstioct  specialised  order  of  that  subclass. 

ition  lu  the  features  mentioned  above,  this  group  is  chanic- 
jy  the  true  molars  (fig,  1 136}  carrjirg  longitudinal  rows  of 
•i,  separated  by  one  or  more  grooves,  and  also  by  the  ab> 
r  a  pit  or  perforatioD  in  the  m.'i»9eteri<;  form  of  the  itiandible. 
uv  Pi.A*iiAULACiD.e. — In  ihe  Plngiauitiddxr  the  premolars, 
•s  in  number  from  one  lo  four  in  the  mandible  (figs,  iija- 
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iti  Owcr  iri<*  of  ikc  richi  rBinin  rf  itw  nundibl*  of  PUfianlur  mijtpr ;  Tour 
H  ((■•.  I,.  FtHftk  IsBer  pmnoUr  of  P.  BnAtai ;  fivt  aiul  a  hBiriimniialunliiM 
VvfaKk  of  DHMttbin.     lAheiOmi.) 

are  always  of  a  secant  nature,  and  are  usu&lly  mjirked  by  a 
f  oblique  Literal  grooves  (fig.  1 1 32) ;  whi!e  the  true  molars 
1  and  HKluccd  to  two  in  number.     In  the  type  genus  J*/a- 
of  the  Purbcclt  (Upper  Jurassic)  of  Dorsetshire,  there  may 
four  (lig.  1 132),  or  three  lower  premolars  ;  Professor  Cope 
tg  the  Utter  va- 
2A   indicating    a 
genus,  for  which 
propoiied    the 
^ioprion.       The 
ceth  are  unknown. 

>^«  <fifr    "33). 
Upper  Jurassic 

th  America,  is  a 
allied  but  per- 
,  specialised  type, 
r  lower  prenio- 
rhich  arc  much 
the  figured  sped- 

In  the  upper  )aw  the  anterior  premolars  ore  like  those  of 
1.  The  figure  shows  the  relatively  low  position  of  the  con- 
the  mandible  in  this  family  : — a  feature  shared  with  the 
Irene  Tf»yiaa>{io,  among  the  Marsupials.  From  the  Lowest 
both  of  france  and  North  ."Kmerica,  we  have  the  more 
Itsed  genus  JW*9*A»jr/'itJ'/<J.c  (fig.  1 134),  in  which  only  the  fourth 
iUr  remains  in  the  mandible.  The  Puerco  Koccnc  of  North 
also  yielded  Plilodus  (fig.  1 133),  characterised  by  the 


Flit-  tij)'^)iJBn  atpsEI  cjr  the  rifht  r*mu4  of  thf  inmn. 
dibia  of  c  rnMrnAn  nmUiu;  fram  iht  Uppcf  junutic  of 
Konh  ArMrica.  Uiiinr  Afun,  naiirrul  iiiio  ;  luwi).  faur 
limtn  naiurat  uH  o,  Incuori  h,  Candyli;  c,  L'aronond 
tatxHL    CAflcr  Manb.) 
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presence  of  a  minute  third  lower  premolar.  Uotomus  of  th 
Eocene  differs  from  all  the  others  by  its  snaooth  fourth  [ 
Afeniscoessus,  from  the  uppermost  or  Laramie  Cretaceous  of  tt 


Fig.  iiu.— InntT  vlewof  the  Irflramiuof  the  mandibUof  JViM^i&V>'"'>'< 

Lowtr  Eocene  of  Rheimt.    The  line  indicate*  the  Imetue.    (After  LeontBi 


States,  is  a  somewhat  larger  form  which  may  probably  be  in 
this  family.  It  was  first  made  known  by  an  upper  true  n 
secant  premolars  from  the  same  deposits  subsequently  i 

under  the  name  of  Halodon, 
with  other  teeth  figured  under  t1 
of  Trifiriodon,  DiprodiotL,  and 
odon,  are  probably  all  referable 
iscikssus.  Another  form  from  i 
mte  Cretaceous  which  may  be  ] 
^^^  ally  known  as  Cimoliomys,  appe 

^^^^Bl  b  closely  allied  to  the  Eocene  Pti, 

^^^^Hm^  may  have  affinity  with  Plagiam 

^^^^^^B^  teeth  described  as  Cime/odon  ai 

^^^^^^^^  mys,  as  well  as  one  of  those  r€ 

Haiodon  appear  inseparable   f 

form.  Other  generic  names  h 
applied  to  teeth  of  a  more  or  1e 
allied  type  from  the  same  depo 
Certain  bones  from  the  Lai 
scribed  as  Camptamus  probabl 
to  this  group,  and  are  note* 
showing  a  distinct  coracoid  a 
clavicle ;  thus,  if  rightly  referred  and  determined,  clearly  i 
the  Prototherian  affinities  of  the  Multituberculata. 

From  the  Tertiaries  of  Patagonia  Dr  Am^hino  has  i 
certain  remains  under  the  generic  names  of  AbderiUs,  Afn 
Palaotheutts,  which  are  referred  to  this  family,  and  are  a 
nearly  related  to  the  European  genera.    The  genus  Microb 


Fii.  1135.— The  lefi  rarom  of  the 
manoibie  of  Ptitttiut  mfdiinttti 
frorn  iKe  outer  (a),  inner  (/•),  and 
oral  (<0  aspects :  from  the  Puerco 
Eocene  of  New  Mexico.  (After 
Copr.) 
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describ«<I  rrom  the  «nine  deposits,  and  is  regarded  as 
^  &  distincl  bmily. 

jr  PoLYM*STODOKTiDJL — Tlie  h-pe  genus  Pofymaslodon 
I  the  Lowest  Eocene  of  North  America,  and  haa  one  pre- 
d  two  true  molars.  The  prcmnkr  is  tubercular,  and  (he 
lie  molars  have  three  longitudinal  ridges,  and  are  elongated 
Ktcriorl}-. 

jflr  TarrviijDONTiix*. — The  genus  TritylodoH  was  fiftt  de- 
tom  a  nearly  entire  cranium  found  in  ttte  K^ruu  system  of 
frica,  in  a  horiiton  which  i«  probably  of  Lower  Mcsozoic 
[  a  tooth  (fig,  1136)  pToiously 
t   from    the    Upper  Trias  of 
|r,   and   described   under  the 
pied    name     of     Tn'gfypius, 

0  bclor^  to  the  same  genus. 
)ia  dental  formula  »  I.  2,  C.  o, 
Jif.  4.  The  innermost  upper 
B  large  and  scaiprifomi,  while 
er  one  \i  very  minute.  The 
rue  molars  (fig.  1136)  carry 
Itgitudinal  ridges,  and  fiave  the 
linDeler  of  the  crown  directed 
icly.  The  anterior  portion  of 
flum  is  remarkable  for  its  (treat 
nd  bitmtness.  The  j\fncan 
UKUcatcs  an  animal  about  the 
i  Rabbit.  From  the  same  de- 
\  the  Cape  has  been  obtained 
fhowing  the  impression  of  a 
ilimb  apparently  referable  to  a 
[amnul,  whteh  has  been  described  under  the  name  of  Tfitr- 
}.  If,  as  is  proliabty  the  case,  this  specimen  be  really 
llian,  there  is,  however,  no  reason  why  it  should  not  belong  to 
(m.  According  to  Professor  Bardclcbcn  this  Hmb  has  two 
il  in  the  carpus  (as  in  some  InsL-ctivora),  and  a  distinct  pre- 

the  alleged  fusion  of  the  scaphoid  with  the  lunar  being  in* 
To  the  present  family  may  likewise  be  referred  the  very 
tdy  known  SferttrgnatAus,  of  the  I-owcr  Jurassic  of  Slones- 
ilc  upper  cheek-teeth  of  which  rlo»ly  resemble  those  of  Tri- 
•  Hnally,  CAirvx,  from  the  Upper  Juranaic  of  North  America, 
BTtato  characters  connecting  the  pre^etit  with  the  next  family, 
h  it  is  provisionally  placed  by  Professor  Osbom. 
jLV  BOLOUOKTiD,*- — Nearly  allied  to  the  preceding  family, 

1  the  upper  true  molars  antcro-posteriorly  instead  of  trans- 
ited,  and   with   only  two   longitudinal   ridges,  is  the 


^ 


TrifM  ci  SEFivlHibr]!'  'I'bd  lHrt>  tantraJ 
fictifci  an  of  ihc  ruturi)  tirr :  |b« 
olh«T«  atilarcHl  itirt*  rliria*.      if,  Crt>wn 

i«n>  1d'tt«J  4iirfAc«4 ;  /,  •■.  Ani+rii^r  find 
pOHltnor  4urfat«f.  Thv  poi^tlon  of  fi 
It  St  rithl  iLii£l««  t4^  thit  of  <he  fntilMt 
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genus  Bolodoit,  of  the  Dorsetshire  Purbeck.  In  this  genn 
1137)  there  were  apparently  three  upper  premolars  and  ftm 
molars ;  with  probably  three  incisors,  of  which  the  first  ii 
minute.  Although  of  much  smaller  size,  the  cranium  of  thi 
species  presents  a  striking  resemblance  to  that  of  the  Aincan  j 


fimx 


Fie.  1137.— The  righl  maxilla  of  Beledtu  trmaiJtm:  Tram  ihc  DoncMbn  hrtad 
Maxilla;  /"i.r,  Premaxilla:  ^, Ponunen  ;  ■.Tnicoolan;  fm,  Pnmobn;  (',  lodnn. 
enlarged.    (After  Gaborn.) 


odon.  Allodon,  from  the  Upper  Jurassic  of  Korth  America 
very  closely  allied,  if  not  identical  form,  in  which  there  wer 
tainly  three  upper  incisors,  of  which  the  second  (fig.  1137) 
larged,  and  apparently  corresponds  to  the  large  inner  ind 
Tritylodon.  The  genus  Microlestes,  from  the  Upper  Trias  <A 
temberg  and  England,  is  only  known  1 
tached  molars  (fig.  1138)  closely  resei 
the  true  molars  of  Plagiaulax.  This 
is  referred  by  Professor  Osbom  to  thi 
giaulacida :  but  till  it  is  proved  to 
trenchant  premolars  it  seems  prefecal 
place  it  provisionally  in  the  present  f 
Figure  a  in  the  accompanying  woodcut 
a  side  view  of  the  type  tooth,  whidi  ha 
rows  of  tubercles  separated  by  a  tongiti 
groove  ;  the  imperfect  crown  of  another 
shown  in  b,  and  provisionally  referred  to  the  same  genus,  is  re 
able  for  the  resemblance  presented  by  its  two  remaining  tub 
to  those  of  the  teeth  of  Ornithorkynchus,  The  name  Hypai 
Hopiis  has  been  applied  to  a  tooth  of  AticroUstes,  from  the  Ei 
Rhsetic. 

Subclass  II.  Metatheria. — The  members  of  this  subclass 
with  the  Prototheria  in  the  structure  of  the  brain  and  the  [ve 


rig.  ii^S.-n.  Lalcial  view 
of  a  tooth  of  Mkrvtestri 
unliquui;  ^.Parlofthecrown 
of  a  tooth  on  a  «ri]|  more  en- 
larffed  scale ;  from  the  Upper 
Tria«  of  WOrtemberB.  (Alter 
Lyet]  and  Falconer.) 
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bic  bones '  (fig.  1 139,  «),  but  differ  in  the  more  specialised 

of  the  aufUtory  ouicles ;  in  the  reduction  of  the  conicuid 

prooess  of  the  scapula,  and  its 

ntlAtion  with  the  sternum ;  in  the 

of  an  inteiclavicle ;  nnd  in  the  pres- 

nipplea  to  the  mainmai^'  gland-s. 

atter  characters  they  agree  with  the 

■b.  fTvin  which  tbcy  arc  distinguialicd 

I  proence  of  an  imperfect  cloaca, 

I  the  chanctera  of  the  urinogenital 

I  which  are  in  «onu;  reaperti^  inler- 

||K  between   those  of  the   Eutheria 

{koUNheria.       The    young,  although 

Bed  rit-iparously,  arc  bom  in  nn  cx- 

gty   imperfect   condition,   and    are 

.pourtshed  in  uUro  by  an  allantoic 

la ;  but  at  an  early  period  are  trans> 

[to  the  nipplea  of  the  mother,  to 

tthey  adhere  for  a  long  time.     The 

f  themselves  are  nearly  always  con- 

y  in  a  fold  of  skin   forming  the  so- 

maraifitHm. 

arc  in>-ariably  present,  and  are 

into  tfie  usual  four  groups.     With  the  exception  of  tlie 

HjriJte,  the  number  of  inci&ors  in  the  upper  jaw  uf  all  c»ist- 

exceeds  that  in  the  mandible*     The  true  molars  are  very 

iy  four  in  number  on  cither  hide  of  each  jaw;  and  in  all 

fonni  the   number  of  premolars  does   not  exceed  three, 

p)  four  (which  may  be  taken  aa  the  i)'pical  number)  are 

Hin  icveral  Mesozoic  genera.     The  most  remarkable  feaiure 

jlhc  dentition  is,  however,  that  it  i»  only  the  last  premolar  (the 

tof  the  typical  series)  among  the  whole  number  of  teeth  that 

■s  a  milk  predecessor;  such  predecessor  generally  resembling 

K  molars  in  stniCTure,     Some  genera,  like  rhaicch'tnys,  show, 

r,  no  signs  of  even  this  single  replacement ;  and  it  is  pretty 

we  have  here  the  first  coramcnccment  of  a  replacing  scries 

which  in  the  early  Eutheria  must  have  gnidu,-illy  extended 

tly,  until  it  normally  embraced  all  the  teeth  in  advance  of 

LwKh  the  very  general  exception  of  J*m.  !,  although  in  certain 

Odactyla  even  that  tooth  liad  a  milk  prcdecassor. 

pther  very  characteristic,  although  not  universal,  feature  in  this 

IfB  is  the  inileciian  of  tiic  angle  of  the  mandible  (Fig.  )  1 52)  ^ 

ii 

OuAtd  ia  Tiyiotiuus. 

t  MBic  fnliuc  oocurt  waong  the  Anomixlont  Itepltles  in  the  GaUiaaridtt. 

9L.lt.  3  B 


V\z-  M_>^— V«nr»l  view  of  lli« 
iyin^>«ui  and  ir(\  ht\(  itf  Ih* 
|kIm-i<  vF  It  KufigutM.  ■«,  Epi- 
publc  bonc:!.     KqIikbI. 
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and  in  many  genera  the  palatal  region  of  the  cmiiuiB  oc 
unossified  vacuities  of  considerable  size. 

Order  II.  Marsufiaua. — The  whole  of  the  known  Men 
are  included  in  the  single  order  Marsupialia,  and  it  is  not  at  p 
necessary  to  give  ordinal  characters  as  distinct  from  those  < 
subclass.  At  the  present  day  this  order  is  restricted  to  Ai 
and  the  Australian  region ;  the  greater  number  of  forms  ooc 
in  the  latter  area,  while  only  the  Diddphyida  are  found  in  the  fi 
In  earlier  epochs,  however,  this  order  was  much  more  wide! 
tributed,  and  it  apparently  contains  some  of  the  earliest  1 
representatives  of  the  entire  class. 

Marsupials  form  in  some  respects  the  intermediate  stage  be 
the  Prototheria  and  Eutheria,  and  it  is  probable  that  there  « 
eventually  found  a  complete  transition  from  the  Pol3rprotodoa 
order  of  this  group  to  unknown  Prototherian  Mammals  wit 
same  general  type  of  dentition — possibly  more  or  less  closely 
to  the  undermentioned  Triassic  family  Dromatheriida. 

Suborder  i.  Polyprotodontia.  —  In  existing  Polyprat 
Marsupials,  which  occur  both  in  America  and  the  AustraUan  r 
there  are  never  fewer  than  three  lower  and  four  upper  incisoo 
there  may  be  five  upper  and  four  lower  teeth  of  this  series.  ' 
teeth  are  small  and  subequal,  and  are  followed  by  a  larger  c 
(fig.  1 148).  Normally  there  are  three  premolars,  correspondi 
the  first,  third,  and  fourth  of  the  typiod  series,  but  the  fourt! 
be  absent,  Dasyurui  and  Sarcophilus  {^%.  1148).  The  numl 
true  molars  is  generally  four,  but  in  Mymutobius  these  teet 

increased  lo  -   ;  and  their  crowns  are  nearly  always  characteris 

carrying  a  number  of  small,  sharply  pointed  cusps.  In  no  s{ 
is  there  a  fourth  premolar  of  the  elongated  secant  form  charactf 
of  many  Diprotodonts,  Several  of  the  Mesozoic  forms  included  i 
group  agree  very  closely  with  the  recent  ones,  but  many  of  them 
four  premolars,  and  in  some  there  are  as  many  as  seven  true  tn 
Family  Dromatheriid*. — This  family,  typically  represent! 
the  genus  Dromatherium  (fig.  1 140),  of  the  reputed  Trias  rf  1 

America,  is  provisionally  p 
here,  since  it  may  be  relati 
some  of  the  members  of  the 
family,  although  ProfessorO 
makes  it  the  type  of  a  di: 

V\g.  ii40.-lnner  view  of  ihc  left  nmut  of      „,J„,  ,l„       t> .    j       -_ 

Ihe   mandit'le    of    Drvma/iirium    rxhtilr, .-      OrQCr the      rrOtOOOnta — 

Enlom' )''''"  "'  """'  *^""'    **""    ^^^"  suggests    that  it   ma; 

Reptilian.  If  not  Marsu| 
these  early  Mammals  may  prove  to  be  representatives  of  a  grw 
Prototheria  from  which  the  Polyprotodont  Marsupials  have  01 
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The  chcck-Iccth  differ  from  those  of  all  other  Marsupials  in 
the  Eangs  imperfectly  divided,  and  thus  approximate  to  those 
Anomodont  Reptiles.    There  arc  seven  true  niolurs,  tlie  in> 
UK  spaced,  there  is  long  diastema  behind  the  canine,  and  the 
;  premoUn  are  of  a  \xty  simple  structure.     The  crowns  of  the 
taKilars  coDsist  of  one  main  cusp,  with  small  accessuTy  cusps ; 
lil  would  appear  that  the  teeth  of  the  up|x:r  and  lower  jaws 
[ly  interlocked-     This  type  of  tooth  is  regarded  by  Professor 
as   the   most  archaic  yet  known.      Mkroconcdon,  which 
in   the   same  depo&its  as  Dromatherium,   '\%  an  allied   but 
form. 
IILV  .\iiPHtTHERliD.C — This  Nfcsoioic  family  is  provisionally 
to  include  a  number  of  small  and  imperfectly  known  forms, 
of  which  are  re^rdcd  by  almost  all  writers  an  undoubtedly 
,  although  others  have  been  referred  by  Professor  Osbom, 
some  hoiiationr  to  the  Insectivora,  under  the  name  of  In^cc- 
Pnmitivn ;   those  which  are  retained   by  that  writer  in  the 
order  being  termed   Pnxlidclphia.       Although   it  is  rjuilc 
thai  with  fuller  information  the  two  sections  into  which 
family  t«  divided  may  be  raided  to  the  tank  of  separate  families, 
^the  e\ideiK;e  broujjht  fomard  by  the  writer  mentioned  above  in 
of  referring  some  of  the  genera  to  ihc  Inacctivora  appears  to 
*lti^uflieieni ;  no  members  of  that  order  having  more  than  three 
Iparr  incisors  or  more  than  the  normal   three  molars  of  the  other 
ital  MammaU.'     Coniiderable  confusion  has  arisen  in  regard 
itfic  dentition  of  many  of  the  mcmlwrs  included  in  this  family 
to  the  circumstance  tlut  in  the  mandible  only  one  side  of 
I  teeth  u  generally-  seen,  so  that  several  genera  have  been  made 
the  evidence  of  remains  of  a  few  closely  allied  species.     The 
rirt^  up  of  this  confusion  is  mainly  due  to  the  careful  obscrva- 
tJons  of  Professor  Osborri.      In  this  family  all  the  genera  are  char- 
klerised  by  a  channel  on  the  inner  side  of  the  mandibular  rami 
bKiWD  as  the  Myhhyeid  gmove  (fig.  1 14;) — a  feature  oncuning  in 
Duy  recent  Polyprotodonts.     The  number  of  lower  incisors  was 
pobably  always  four  (as  in  the  modem  Diddphyida),  and  the 
k«er  true  m<:^ars  are  frequently  in  excess  of  that  number,  as  in 
MfrtMcMus  alone  among  existing  heterodont   Mammals.     These 
taie  molars  may  either  consist  of  three  or  more  cuspK  ,irr.nii^d  in  a 
kicjlc  line,  or  they  may  be  differentiated  into  a  trituliercular  blade 
lollowed   by  a  posterior  heel   or  talon.     The   premolars   are  very 
Seocrally  four  in  number,  but  they  may  be  reduced  to  three,  or 
pofaaps  two.     Not  unfrequently,  as  in  the  existing  Peramtlida,  the 
toot  of  the  canine  may  be  grooved, 

'  (oilgine  fran  hi*  lalol  memoir  on  the  lulijeci,  ii  if  probuMc  that  Profewai 
'toami  would  now  conndmbly  mcxltfy  hi>  views  its  10  thnc  divikionft. 
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As  »  pro\nsional  nuasure  this  family  may  be  divided  in 
groups  or  subfaTnilics.  of  which  the  first  may  be  cvciitiuUy  i 
the  ranlt  of  a  diwinct  family.     The  fir*i  subCunily,  or  fk 
theriina,  is  referred  by  Professor  Osborn  to  his  ProdkJdp 
is  included  in  the  Triainodontida  (^infra).     The  lovrer  inic 
consist  typically  of  three  main  cusps  arranged  in  a  line, 


li^^r^ 


Fix.  Ii4].~'li>ii' I  - I     III    III,  hi  I  nil frill   nunililili   nf  r*ii>Wi«rt«f<i» 

from  Ihc  Siaiwtlirlil  suiit       i  tiv:t  niUDn.1  lin.    lie  oulluM  Ggiarc  li  taianl  ■>■ 
ihouU  |jea(ou.tili  uikImi.    (Afiei  Oircn.) 

with  some  accessory  cusps;  and  it  would  appear  that  tbc 
niolnrs  were  of  iimilar  siruciure.     The  lower  incisors  arc 
from  one  another  hy  intervals,     The  typical  genus  Phc 
(fig.  1 1 4 '  )i  f'''^™  t^'*-'  Lower  J  urassic  slate  of  Stuncsfield,  in 
shire,  has  the  condyle  of  the  mandible  placed  very  low 
the  lower  dental  formula  is  /  4,  C.  1,  Pm^-\-M.  7,  the 
separated  by  a  diastema  from  the  first  premolar,  and  the  tnaei 
hive  a  well-marked  dngulum  on  the  inner  side.      AmphiUsiit\ 


Pis<  114a. — Rcvtnvd  InDci  vie*  uT  iKc  liTl  nniinor  cli<  nundibli  a(i.. 
ffom  th*  ^inne^tlil  Stale.  THk*  nuri^raf  tXm.  Tba  n«i«tailoo  ^  Ibt  i 
JKIunil  -,  and  On  eoodyli  ii  pUnd  loo  hi|[h.     (AJUi  0<na.} 


1143),  from  the  same  deposits,  has  a  more  numerous  scncs 
chcck'Tceih.  and  a  higher  mandibular  condyle.  The  exact  doOil 
formula  is  not  known,  although  it  may  hAvc  been  tbc  same  at  m 
the  undermentioned  Amblotktrium.  The  mandible  from  the  ime 
beds  shown  in  fig.  1143  ^^^  been  niade  tht  type  of  the  jjeo* 
AmphiiyUii:  and  according  to  Professor  Osbom  has  teeiti  of  '^ 
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l^  type  as  those  of  the  preceding  genera.     If  this  be 
appear  to  countenance  the  view  that  the  present  group 
be   separated    from  the  Amphithfriidtr.  hut  owing  to  the 
condition  of  the  spcci- 
It  camion  is  necessary        ^^^ 
iking  positively  as  to  the 
:  of  the  teeth. 
tlic  second  subfamily,   or 
MtJuriimr,    the   lower  true 
arc  diifcrcntiatcU  into  a 

aaCerioT  blade  and   Sion«fKU^is.~  EiaMsed.   (.\i^ct'Ow*n.] 
Ipmcrior  becl  or  taloo.     Four 

tonolars  are  present  in  all  those  genera  of  which  the  entire  lower 
BKttkin  is  luiown;  and  tlie  mandibular  condyle  is  high.  The 
jpCT  molan  are  unlike  the  lower.  Many  of  [hese  genera  are 
(trred  by  Professor  Osbom  to  his  Insectivora  Primitivo. 
Brfore  proceeding  further  some  explanation  is  nL-ccN<%ary  aK  to 
t  ttniciure  of  this  type  of  lower  molar.     Following  the  nomcn- 


Pic.  ixi'-  Ou(»  nAntci  nf  ihe  richt  mat*  at 
ihe  nuBdlUe  of  ^mMilyima  Ovtml;  fmin  iIk 


^IM.  — OUHC  Mptci  vT  lh«  Uft  riBjln  of  (hll  inin.1il.lii  nf  lyrjulltltt  rpni-r  ;  rrum  tbe 
■xuk  of  Nordi  Anwna.  Three  lima  nalunil  •>».  «.  Caiiiiic  :  c,  Curonaid  jicvecM  i 
.    TW  JDCMn  sad  6r>(  rnmolai  on  aWiM-     (AImi  Manh.> 

lt«re  adopted  by  Professor  Flower  the  three  cusps  in  the  anterior 
itf  of  such  a  "iritubercular"  tooth  may  he  collectively  spoken  of 
I  the  hiadt  (fig.  1145,  1,  b,  «•);  while  the  hinder  part  (rf)  may  be 
imcd  the  takn.     In  tbe  blade  the  cusp  a  is  termed  the  anterior, 

h 

Hf^^Dpp«r,  atit*r,  u^  iantr  *irw«  iT  a  Irfi  Towrr  irup  tniiU.'  of  774//»ru.  d,  Anterier 
r  Uu<  (/M^atwaiO.  t.  IVMatior  Ciup  of  do.  i^rrlitfniit):  t.  Inncf  cuip  uf  ilu.  i/iitt' 

he  large  one  A  the  posterior,  and  the  small  one  <*,  which  h  the 
BDennost,  the  inner  cusp.  According  to  Professor  Osbom  these 
hnte  cusps  correspond  to  the  three  cusps  of  Pn'acodon  (fig.  1147), 
fid  in  both  cases  be  applies  to  ihem  the  names  of  para-^  prutO'^ 
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and  metaconid ;  calling  the  talon  of  the  present  type  the  kff^ 
Corresponding  terms  ending  in  cone  are  applied  to  the  upper  t 
of  the  same  types. 

It  will  be  obvious  that  when  a  jaw  is  embedded  in  matm 
the  inner  surface  exposed  we  shall  only  see  the  cusps  a  andi 
the  talon  d;  while  when  the  outer  surface  is  visible  ooljtiie 
cusp  b  will  be  observed.  An  example  of  the  latter  occonegi 
shown  in  fig.  1146;  and  this  circumstance  has  been  the  fti 
source  of  error  in  regard  to  a  number  of  the  Mesozoic  types  • 
consideration. 

In  the  type  genus  Amfhitherium  of  the  Stonesfield  SUM 
Lower  Jurassic,  the  exact  dental  formula  is  unknown,  but  it 
perhaps  have  been  the  same  as  in  the  next  genos.^  In  A 
iherium  (  =  Peraspalax,  Phascokstes)  of  the  Purbedc,  or  I 
Jurassic,  of  Dorsetshire,  the  lower  dental  formula  is  /.  4, 


Fig.  1 146. — Outer  view  of  the  left  nintuof  (he  mandible  of  AmbUtlitrium  frmdb\ 

Jpper  TuraAsic  of  North  Americjt^     Thr«    '  .     .  *     , 

^  Condyle;  .^  Muidibk.     (After  Marab.) 


Upper  Jurassic  of  Nonh  Ameriot.     Thm  tinn  natorml  liic     ■,  Caniiw;  c,  Connoii 

hf  Condyle;  ,""' 


Pm.  4,  M.  (7-8),  or  the  same  as  in  the  American  Jurassic 
kstes  (fig.  1144).  Several  species  are  known,  in  some  of 
there  were  seven,  and  in  others  eight  lower  molan.  The 
Styiodon  has  been  founded  upon  the  outer  side  of  mandil 
Amblotherium,  in  which  only  the  large  posterior  cusp  (protc 
of  the  blade  of  the  molars  is  visible,  as  in  the  lower  jaw  sb 
the  accompanying  woodcut,  which  has  been  made  the  type 
genus  Stylacodotty  of  the  Upper  Jurassic  of  North  America. 
latter  has  eight  lower  molars,  while  the  English  form  ha; 
seven.  Achyrodon^  of  the  English  Purbeck,  is  closely  all 
Ambloiherium^  but  differs  in  the  form  of  the  cusps  of  the  i 
Peramus  {Leptocladus)  is  a  third  Purbeck  genus,  with  rel 
stouter  lower  molars,  in  which  Professor  Osbom  gives  the 
dental  formula  as  /  3,  C.  i,  Pm.  6,  M.  3.  The  North  An 
DryoUstes  has  relatively  shorter  lower  molars  (fig.  1144),  the 
cut  clearly  showing  the  three  cusps  of  the  blade  and  the  tJ 
these  teeth.     Aslhenodon   and   Laodon  are  other  North  An 

'  ProressoT  Osbom  regards  it  &s  /.  ?,  C.  I,  Pm,  5,  M.  6. 
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oncterUed  by  the  iunall  size  of  ihe  lalon  of  Ihe  lower 
while  the  names  DitnxynodoH  {Difi/wyHffdan),  Doa>doH^ 
ttcdtm  1  have  been  applied  to  more  or  less  closely  allied 
XD  the  same  depuait:(.  Finally,  Trofcs^or  Osburn  hns 
t  name  Kurttnion  lo  certain  upper  jaws  from  the  Engliiih 
wfaicb  are  probably  rcrcmbic  to  one  or  other  of  the  aliovc- 
d  genenu  From  the  Laramie  Cretaceous  of  North  America 
Marsh  has  described  the  remains  of  allied  types.  One  of 
been  termed  DidtipHops  {Didfhfhodon  or  CinmlenUs),  while 
I  has  been  referred  to  the  Jurassic  gtin\i>  DryolesUi,  and 
las  been  made  ihc  type  of  the  genu*  Fuiwmys.  The  re- 
e  in  the  structure  of  the  lower  molnri^  of  ihe  AmphitfuHina 
'the  corresponding  teeth  oi Dmyurns  and  the  Didt/phyida, 
ihat  the  latter  have  originated  from  an  allied  stoclc. 
r  Spalacotheriid*. — The  genus  Spa/aw/Aen'um,  with 
TaUsln  is  identical,  has  a  dentition  which  may  probably 


The 


Esed   by  the  formula  /.  -,  C.   ^   'Pm.   ^,  M.  \. 

3  f  4         6 

ITS  consist  of  a  single  column  carrying  three  cuspii,  and 
•sponding  to  the  blade  of  the  tooth  of  the  Amphitheriintr. 
iction  in  the  number  of  the  lower  incisors  diKtin^uishes 
ly  from  the  last;  but  it  is  difhcull  lo  say  whether  (lie 
if  the  lalon  in  the  lower  true  niolais  is  or  is  not  a  more 
d  feature.  The  molars,  which  are  of  the  typical  trituber- 
r,  approximate  very  closely  in  their  plan  of  stmcture  to 
the  genus  Chrysochlfirit  among  the  Insectivora,  but  this 
C  taken   as  iiKlicativ'e   llial   the   present  genus   should  be 

0  that  order,  since  a  precisely  analogous  resemblance  cx- 
«i  the  molars  of  Tupaia  in  the  Inscttivora  and  Ptrameles 
irsnpials.  Menaeodjfn^  from  the  Upper  Jurassic  of  North 
is  an  allied  genua. 

r  Trjcokodontid-k. — The  last  family  of  MesoKoic  Mnm- 
have  lo  consider  is  represented  by  the  English  Purbeck 
VifCHffdon    (Triaeanthodon),    and    the   allied    or    identical 

{fig.    ti47)   of  the    Upper  Jurassic   of  North   America. 

Osbom  includes  in  tJiis  faintly  the  Phauolalheriitia 
tentioncd ;  but  the  reduction  in  the  number  of  the  in- 

1  the  general  fatiti  of  the  teeth  seems  to  indicate  con- 
difference — although  the  two  groups  arc  probably  more 
early  related.  The  mandibular  condyle  is  placed  still 
n  in   PhoitoUiMerium,  and   a|)parently,  indeed,   than  in 

knonn  Mammal.     The  upper  cheek-leeth  resemble  ihe 
'be  dental  formula  in  the  mandible  is  /  3,  C.  i,  Pm.  4, 
The  inciKors  were  approximated,  ihe  cheek-teeth  have 
'  Prcoccujiicd,  Mc  page  loi;. 
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an  inner  cingulum,  and  the  molars  consist  of  three  subeqiial  i 
or  cusps  of  a  trenchant  fonn,  arranged  longitudinally,     lixtei 
apparently  either  three  or  four  molars  in  different  indiiidiiab  < 
single  species.     The  fourth  premolar  was  preceded  by  a  wlkA 
resembling  the  true  molars.     It  was  considered  by  Sir  R. 
that  the  lower  true  molars  of  this  genus  corresponded  to  tbocl 
the  existing  Thylacinvs,  in  which  there  is  a  bilobed  bbde  udj 
talon.     According,  however,  to  Professor  Osbom,  this  inter 
is  incorrect ;  and  that  observer  considers  that  the  three  cusps  of  t 


Fig._ii47.— Inner  view  of  the  tcrt  rarnui  of  tbc  muidiblc  of  /VufwAx jferaur ;  fraa  AtQ 
Turauic  of  Nonb  Ajncrico.  Three  tirno  natuTAj  liie.  c,  Cofvooiil ;  f,  Hykj^roU  fnop 
Symphysis.     The  Anterior  teeth  ue  wnnting.     (Af^er  Mwh.] 

Triconodont  type  represent  the  three  main  cusps  of  the  tootb 

Phascohtherium  (^g.  1 141),  and  also  correspond  to  the  three  16 

of  the  blade  of  the  tritubercular  molar  of  the  Amphitfurium  t 

(Bg.  1 145);  and  he  accordingly  terms  these  three  cusps  the /« 

proio-^  and  metaconid,  and  considers  that  the  talon  Qiypocomi^ 

unrepresented. 

Family  Dasyurid.*;, — With  this  family  we  come  to  the  considi 

tion  of  the  existing  Marsupials.     The  Dasyurida  is  an  exclusii 

Australian  family,  comprising  the  largest  known  members  of 

suborder,   and   is   divided    into    the    subfamilies   Dan-nrina  : 

4  t 

Myrmecohiina.     These  are  always  /  -,  C   - ;  but  the  numbe 

cheek-teeth  varies,  although  there  are  never  more  than  three  ] 
molars.  In  the  pes  the  hallux  is  usually  either  rudimental 
absent,  but  the  other  four  digits  are  well  developed  and  subequaL 

the  Dasyurinee  the  number  of  cheek-teeth  does  not  exceed  {, 

7 
upper  true  molars  have  triangular  crowns,  and  those  of  the  lo 
molars  are  differentiated  into  an  anterior  blade  and  a  posterior  ta 
(fig.  1 145),  like  the  lower  carnassial  tooth  of  many  of  the  place 
Carnivora  of  the  present  day.  The  mylohyoid  groove  maj 
present  both  in  this  and  the  next  subfamily.  The  Tasmar 
Wolf  is  the  sole  living  representative  of  the  genus  Thyiaciimi 
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cheek-tcdh  number  Pm.  -,  M.  -,  &nd  Uic  hutncnui  has 

3         4. 
but   in  Ifae  Pleistocene  of  Australia  there  occurs  the 
iWy  larger  71  ifit/irus.     Sarmphi/us,  of  whirh  the  dcnlition 
in  fig.  1 148,  is  also  conned  at  the  present  day  to  'L'a»- 


ti 


I** 


|ti,a.~I^ri  bt(*il  *lev  of  Uw  rfentilion  ^r  Sarafklin  unimttM.     Recant,  I'urni 
ban ;  c,  C^bibc  ;  /m,  PnaisUn ;  m,  MoUn-     ni  lootli  niul«J  /■•  i  i  >  lulljr 


'urnanla.    i. 


but  a  larger  ^lecies  inhabited  the  mainland  of  Australia  in 
Pfcistoccnc.  Indications  of  specialisation  arc  shown  Ly  the 
ction  of  the  premolars  to  two,  and  also  hy  the  loss  of  the  fors- 
\a  ihc  humerus.  The  most  generalised  genua  of  tlie  subfamily 
tms,  compnsing  sevenil  species  of  ^mnller  Ktje  tlian  the  pre- 
In  the  lower  molars  (fij;.  1145)  the  blade  has  three  cusps 
in  a  triangle,  and  thus  differs  from  those  of  Thyhidntn,  in 


the  inner  cusp  ts  wanting.      There  is  a  mylohyoid  groove  in 
CauncKblc,  and  the  humcnw  has  a  foramen.    Species  of  Dasyurus 
iihe present  day  range  over  the  whole  of  the  Australian  continent, 
neuf  them  dating  from  the  Pleistocene.     The  subfamily  Afyrmteo- 


d 
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biina  is  represented  solely  by  the  genus  Myrmtcobius.     lo  I 

markable  animal  (fig.  1149)  the  lower  incisors  are  sepantedl 

g 
one  another,  the  cheek-teeth  number  ~,  of  which  the  fint 

9 
either  jaw  are  premolars ;  while  the  molars  have  quadiai^piliri 

cuspidate  crowns,  and  are  not  well  differentiated  from  the 
Although  some  writers  doubt  the  connection,  it  is  probable  1 
Afyrmecobius  is  the  direct  descendant  of  forms  closely 
AmphiUsUs^  of  the  Lower  Jurassic  of  England  ;  the  relations  of  I 
two  being  perhaps  somewhat  similar  to  that  existing  between  1 
living  Sphemdon  of  New  Zealand,  and  the  more  specialised 
odapedon  of  the  English  Trias. 

Family  Pbramelida. — In  this  family,  comprisiiig  the 

of  Australia  and  New  Guinea,  the  dental  formub  is  I.    --_    ,  C 

Pm.  -,  M.  -,  and  the  pes  has  two  of  the  digits  reduced  and  1 

3         4 
nected  by  int^piment,  as  in  the  Macropodida  among  the 
donts.     Occasionally  the  canines  have  grooved  or  double 
Remains  of  existing  species  of  PerameUs  and  Ptragaie  occur  in  1 
Pleistocene  of  New  South  Wales. 

Family  Didelphvid^ — In  all  the  niembers  of  this  lamilyl 

dental  formula  is  /.  -,  C.  -,  Pm.  -,  M.  -.     The  incisors  are 

4         I  3  4 

small  and  sharp;  the  canines  are  large;  the  premolars  compresMd^ 
and  the  true  molars  constructed  on  the  general  plan  of  those  1 


Fig.  115a — Left  lateral  view  of  ibc  denlilion  oC  DidtlfMjit  Ammrr;  Sooib  Umiriii  t.  Iv 
ciiois;  r,  Canine;  fm,  Prenialan  :  m.  True  molin.  lie  mili  nuritcd >«  j  •booM  ta/B«i 
the  leeth  beiweeti  ihcK  and/jH  i  being /m  i. 


Dasyurus  ;  the  lower  ones  having  a  blade  and  talon,  with  a  distinct 
inner  cusp  to  the  former.  Each  foot  is  furnished  with  five  com- 
plete digits  i  and  the  humerus  has  an  entepicondybr  fonunen.  .\l 
the  present  day  the  Opossums,  as  the  members  of  this  femily  m 
commonly  called,  are  confined  to  the  New  World,  where  they  m 
represented  by  the  genera  Didelphys  (fig.  1150)  and  ChinmeAi; 
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being  known  only  by  a  single  species.     Remains  of  cxiist- 

of  both  genera  occur  very  cummonly  in.  the  Pleistocene 

1  of  the  Bmilian  caves ;  and  to  Ihe  ij-pe  genus  may  also  he 

a  large  number  of  species  from  the  I-owcr  Miocene  and 

of  liurope,  which   by  some  writers  are  referred  lo 

genera  under  ihe  names  of  Peratherium  and   Amphipera' 

S^liuodon,  of  the  Eocene  of  Hordwell,   i^  probitbly  a 

It  <*a&  in  DiJtlphis  Cuvicri,  of  tbe  Paris  g>-psuin,  tbut 


:;i3K»W*^ 


l.^Did»(fSvff)^t»i:  humllM  While-river  Miocen*  (rftolDnido.     Tn-ice  naiur»l 
I  litfenor  ^i  blew  *>e*i  «f  tkiill ;  t. 


tAnerCove.) 


J,  3u|ierl«r  uid  laivnl  viev*  of  rigtii  mwi- 


demon&tratcd  the  existence  of  matsupial  bones  by  a  careful 
[ng  of  the  matrix.  Other  extinct  forms  from  the  Miocene  of 
^America  (fig.  1151)  may  in  all  probabiiily  be  referred  lo  the 

KitDeR  3.  DiPROTODOKTiA. — If  we  exclude  the  Multituber- 
ft  which  have  been  already  menliojied,  tliiD  :suborder  will  be 
Bed  to  the  Australian  region,  where  it  has  been  known  since 
Pleistocene;  and  with  this  limitation  it  may  prob;ibIy  be  re- 
,  as  an  offset  from  the  more  generalised  Polyprotodoniia.  In 
there  is  only  a  single  pair  of  lower  incisors,  but  in  the  upper 
are  usually  three  pairs  of  such  teeth,  although  they  are 
10  one  in  the  Wombais. 
lower  indMnt,  and  the  first, 
inennosl,  pair  of  upper  in- 
s  are  always  of  large  size  and 
ted  for  cutting.  The  canines 
^uently  absent,  and  when 
t  arc  of  relatively  smal  I  size. 
3wns  of  the  true  molars 
tSer  tubcrculatc  or  have 
nrte  ridges ;  and  as  a  general 
are  not  more  than  two 

.    Very  frequently  the  last  premolar  has  a  long  and  narrow 
,  with  a  concave  superior  border  adapted  solely  for  cutting. 


Fif.  .ijiv— Voticflor  r<iilii-"f  vi«»  nl  ih* 
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Family  Phascolomyid^ — This  family  is  now  rep 
by  the  genus  Phas(o!omys,  or  Wombats  ;  in  which  tlie  dcnti)  I 

is  /.  -,  C.  -,  Pw.  -,  Af.  -,  and  all  ihc  tcclh  grow  ftxwn 

putps.     The  tnie  molars  h.ive  curred  crowns  cron»i5iing  of  i 
equal  lo))es,  while  the  premolar  has  only  a  single  lobe^  ii>d  ! 
preceded  by  a  milk-toolh.      The  mandible  (figs.   iis>> 
characterised  by  having  a  pit  and  perforation   in  the 
fossa.     The  fore  and  hind  limbs  arc  of  equal  length,  [he  I 
being  of  great  <itrcngth  in  accordance  with   the  fos&orial 
the  genus  ;  and  the  humcni)i  has  a  foramen.     There  are  kn* 
in  the  manus,  all  of  which  are  proindud  with  long  curved  ctiKi,! 
are  of  subcqual  size ;  but  in  the  pes  ihc  hallux  is  iinpcifcd,! 
the  three  middle  digits  are  of  nearly  equal  size^  and  poitlf  1 
in  a  common  integument.     Three  existir^  species  of  Woabni 
known,  which  are  divided  into  two  groups  according  tu  lbc< 


FTC- 
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actcrs  of  the  skull  and  teeth  ;  none  of  thetn  being  of  large  fiic. 
the  Pleistocene  of  Australia  we  mcci  with  remains  not  only  of  1 
existing  species,  but  also  with  several  extinct  tj-pes,  one  of 
was  of  considerably  larger  dimensions.      In   the  wimc  deposit* 
also  found  remains  of  the  extinct  genus  Phaaolonus  (with 
the  ao-called  Sctpamodon  appears  to  be  identical),  characterised 
certain  peculiarities  in  the  incisors.     The  one  known  tipedes  ' 
ably  attained  the  dimensions  of  a  Tapir,  although  of  consiii 
stouter  build. 

Famii-v  Ncitothkriiu.*:. — Thi.s  family  is  represented  onlybfl^ 
singlt;  delinitcly  known  genus  from  the  Australian  Pleistocene  1 
scribed  as  NotoHurinm.^    This  includes  one  (or  possibly  mort)  iMtf ' 

)  It  tiiui  rncntly  l>ct«  !iu|,i;<^l«il  thai  llio  fi|iur<'<1  sl^ull  Atr*  oM  l>cipn{  t«/B 
tktrium,  Mil  thai  il  abovld  Iw  tcrmeil  Zygtm^umn  \M  thu  \i«w  U  ncAi 
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hd  appcan.  to  lutvc  becti  allied  in  many  rcspecU  lo  the 
although  presenting  several  of  the  dental  characters  of  the 

Dy.      The  dental  formula  is  /  ■*,  C.  -,  Pm.  - ,  J/:  -  ;  and 

thai,  at  leaM  normally,  there  was  no  deciduous  milk- 

The  check-teeth  are  rooted  ;  the  crowns  of  the  true  molars 

two  simple  iranavenie  ridf^es.     The  cranium  (fig.    1154) 

a  *«ry  singular  contour,  the  nasals  being  transversely  ck- 

:  and  the  mandible  diflcrs  rrom  that  of  the  Phascalomyidm 


u— LiA  bMnI  *i*w  tA  lb*  dcull  -if  StUtki'ittM  ,\fittktlH:  from  ihc  Pltijio«ne 
oT  AsfinlU.    Om-uitb  naiunl  mt.    (Attu  0<nn.) 

absence  of  a  pit  or  perforation  in  the  masseteric  fossa  (fig. 

().     The  limb-bones  apjiear,  however,  to  have  resembled  thotte 

\it  latter  family;  the  humerus  having  a  distal  foramen,  and 

cvidenily  adapted  for  fojsorial  habits,  although  it  is  difficult 

that  an  animal  of  tuch  coinpanitively  large  bulk  could 

|ved  in  bunuws. 

ILV  iJiPROTOuOKTlD*. — Thc  gcnus  Diprotadcn,  of  the  Aus- 
Plelstocene,  is  the  wlc  rcprebcntativc  of  this  extinct  family, 
type  species  (lig.  1155)  is  the  largest  known  mciuhcr  of 
vder;  its  bulk  being  fully  equal  to  that  of  a  large  HMnoeeros. 
dental  furniub  b  the  bsmc  as  that  oi  NoMhenum ;  and  Uie 
tore  of  the  cheek-tcclh  of  thc  two  genera  is  also  very  similar, 
g^  the  lower  true  molan  of  I>iprotfJ<?i  hat'e  no  median 
Eliiul  bridge.     In  the  incisors  of  this  genuiv  the  first  pair  are 

I  \ff  MiSdcnt  ciUencc.     A  tnuU  Notalheiold  fmm  Queensland  hu  re* 


J 
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scalprirorai,  and  grow  from  fK-rsistcm  pulp*      The  (ate  ■ 
limlK  are  of  approximately  equal   length,  and   ac 
walking ;  the  humerus  has  no  foramen  )  and  it  is  prat 
covering  of  the  toes  approximated  to  the  nature  of 
mandible,  although  marc  convex  below,  is  not  unlike 
tMerium.      Professor  Huxley  has   named  a  second 


IHf.  iru.— Left  knnl  vicv  of  itic  iluU  al  Vifrfta^m  Amli-mlii :  f>aa  cka  I 
of  Awlmlu.     klufh  mliKed.     (AfurOwn.) 

evidence  of  premolars,  but  it  is  not  certain  that  this  deterai 
is  corrccL 

Famii-v   PHAi^N(iKKiD.c  —  Thii   taxaWy   incltidea    the 
Fliatangers  and  the  Koala  [PAascolantus),  as  well  M  •  resu 

3 
1 


extinct  genuH.     All  these  animals  have  /.  ^,  and  an  upper  ■ 
quently  also  n  minute  lower  canine  ;  while  the  premolars  on 

2  3  I  ' 

from      to    ,  aiid  the  true  mohrs  from  -  tu  -.      The   stnid 

1        3  i        4 

the  cheek-teeth  is  subject  to  great  variation  in  the  different  g 
Xhii  fourth  premolar  being  either  secant  or  lubcrcaiar.  Tha 
pit  or  perforation  in  tlie  ma.<»(.-tcric  fossa*  of  the  mandible- 
limbs  arc  of  nearly  equal  length  ;  the  manus  has  6ve  subeq' 
but  the  second  and  third  digits  nf  the  pes  are  very  slend 
partially  united  by  integument ;  and  the  hallux  is  always  op() 
In  many  of  the  true  Phalangers  the  founh  premolar  is  groon 
the  dentition  closely  resemh!e<i  that  of  the  existing  geous 
prymnoden  among  the  Mucropodidtt.     Of  living  genera  the  o 
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D  occur  in  a  fossil  state  is  Puud/ykim,  of  which  the  remains 
species  are  found  in  the  Pleistocene  cave-deposits  of 
Wale*.     The  most  interesting  member  of  the  family  is, 
►the   large  Pleistocene  TAy/aco/to  (fig.  1156),  which  foms 
^of  a  distinct  subfamily.     'Ilic  dentition  may  be  rcpre'senlcd 

lula   /  -,  C.  -,  J*m.  5,  Af.  -.     The  true  molars  and 
I         o'  3'         2 

loUns  were  small,  and  more  or  less  functionless,  while 

premolar  is  enormously  developed,  and  has  a  long  sharp 

s,  so  thai,  in  union  with  its  fellow  of  the  opposing  jaw. 


cfAiuirella.    Uix-flfib  nalural  tit«. 


a  cutting  instrument  of  extraordinary  power.  In  originally 
this  remarkable  animal  from  fragments  of  jaws  cuniaining 
MDth  premolar,  Sir  Richard  Owen  came  to  the  conclusion  that 
Iructurc  of  this  tooth  indicated  a  carnLvorous  animal  adapted 
cy  upon  the  huge  Diprotodons  and  Xotothcrcs;  but  the  dis- 
-y  of  the  complete  skull  has  shown  that  the  animal  was  more 
\j  allied  to  the  existing  Phalangers,  and  that  it  could  not  have 
lascd  the  destructive  habits  atliibuicd  to  it  hy  iu  dcscriher, 
1^  it  is  quite  probable  that  its  diet  may  have  included  the 
ler  numntalK,  birds,  and  ^:g&-  It  was  at  one  time  considered 
the  Multituberculnta  were  allied  to  this  genu.^. 
ILV  MACKoroDiD^ — The  last,  and  in  many  reapects  the 
:iaUsed  fiimily  of  the  Diprolodomia  includ&s  the  Kan- 
Waltdiies,  and  Kangaroo-rats.  The  dentition  is  represented 
3 


Ibrmula  /. 


O  3  4 


The  incisors  are 


Jy  secant,  those  of  (he  mandible  being  frequently  movable 
.  one  another.     1'he  premolars  may  have  cither  triangular  or 
crowns,  and  in  the  latter  case  (5g.   115S)  arc  frequently 
icd  ;  ihe  third  premolar  is  always,  and  the  fourth  in  some  cases, 


d 
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deciduous,  the  latter  being  invariably  preceded  by  a  milk-toa 
true  molars  have  either  four  tubercles  or  two  transverse  rid 
frequently  an  anterior  talon.  The  mandible  has  a  deep  pit 
foration  in  the  masseteric  fossa.  The  pectoral  limb  is  ain 
or  less  markedly  shorter  than  the  pelvic  The  manus  is  ] 
with  five  subequal  digits;  but  in  the  pes  (fig.  1 157)  the: 
generally  absent,  the  second  and  thin!  digit 
very  minute  and  enclosed  in  a  common  inti 
(syrtdacfy/ous),  while  the  fourth  is  greatly  enlai;i 
forms  ^e  main  base  of  support  llie  ma; 
forms  progress  by  making  enormous  leaps  b 
of  their  powerful  hind-limbs ;  but  a  few,  like 
/agus  of  New  Guinea,  are  arboreal  This  fao 
be  divided  into  three  subfamilies.  In  the 
Hypsiprymtu^nHna^  there  is  a  distinct  hall 
the  dentition  closely  resembles  that  of  the 
gerida;  the  fourth  premolar  being  small,  t 
grooved,  and  directed  inwardly  at  its  anterioi 
In  the  small  existing  Hypsiprymnodon  there  is 
between  the  lower  incisor  and  the  fourth  p 
but  in  a  large  extinct  form  from  the  Pleisl 
New  South  Wales,  described  under  the  nam 
elh,  there  is  a  minute  tooth  behind  the  lowe 
corresponding  to  the  tooth  in  the  Pfia/aHgtn 
monly  reckoned  as  the  representative  of  th< 
This  genus,  therefore,  forms  an  important  link 
the  last-named  and  the  present  family.  In  th 
subfamily,  or  Potoroina,  the  hallux  is  abs) 
first  upper  incisor  is  narrower  and  longer  than 
the  others  (fig.  1158);  there  is  always  an  u] 
ine  ;  the  fourth  upper  premolar  is  elongated  and  secant,  am 
with  the  grooves  strongly  marked  ;  while  the  true  molars  a 
culate,  with  the  fourth  smaller  than  the  third.  TTie  Kang 
are  divided  into  the  genera  Potorous  {Hypsiprymnui^  I 
.and  jEpyprymnus ;  the  latter  being  represented  in  the  Pli 
of  New  South  Wales  by  remains  of  the  existing  species. 

The  third  subfamily,  or  Macropina,  is  distinguished  froir 
by  the  following  characters :  The  cutting-edges  of  the  uppe: 
form  nearly  a  straight  line  (fig.  11 59);  the  upper  canine  i 
either  absent  or  very  small ;  and  the  fourtli  premolar,  whict 
shorter  or  longer  than  the  flrst  true  molar,  has  either  an  ini 
ridge  or  lobe.  In  the  existing  genus  Macropus  (Kangai 
fourth  upper  premolar  has  a  sharp  cutting  outer  edge,  and 
ridge  or  tubercle  ;  and  this  tooth  in  both  jaws  may  be  eithi 
or  shorter  than  the  first  true  molar.     The  two  rami  of  the  1 


Fig,  1 157.  — 
I>aT3al  Mapect  oi 
Ihe  rigbi  pes  of 

tutii.  Reduced. 
(Afler  Flower.) 


ORDER   MAKSUCIAtlA. 


I2t 


anchyloscd  together,  and  the  hind-liml)s  are  much  longer 

fiont  ones,     A  large  number  of  fossil  species  occur  in  the 

lEan    Pleistocene,  among  which  may  be  mentioned  several 

»e  forms  like  M.  brtkus,  vrhich  have  the  fourth  premolar 

Chan  the  first  true  molar,  nnd  are  allied  to  the  small  existing 

M.  ualabattts  (which  also   occurs   in   the   Pleistocene). 


i=J'rC 


.njl.— DwlUi«a4l/MtfiMU.    /,  ladun;  r,  Cuiiic;/H,  tVtmcW;  h,  HoIu^ 

,  again,  we  have  in  the  same  deposits  remains  of  the  existing 
l-Kangaroo,  M.  \PtlrogaU)  ptnUiUalus,  and  also  of  the  larger 
<tstMS,  and  some  allied  extinct  forms.      Another  group,  in 
the  fourth  premolar  is  very  small  and  soon  falls  out,  is  tepre- 
by  the  existing  M.  gij^antem,  .itid  the  Urgcr  extinct  M.  titan 
M.  firm^s.     Stfunurui  is  an  entirely  extinct  genus  character- 
by  the  prcsetwe  of  a  distinct  inner  lobe  to  the  fourth  upper 
ir,  and  is  represented  by  a   Mngle  species   of  considerable 
In  Protcptodon^  again,  which  is  likewise  extinct,  the  fourth 


./> 


Ptg.  ii3» — Miitnfm  Oemmtti,    L.ueial  vkw  o(  tkull ;  riam  AlutnUa.    RoJimmL 


fiper  premolar  is  like  that  of  Sthenunts,  hut  the  rami  of  the  main- 
Bbie  become  artchylosed  together  in  the  adult :  more  than  one 
pccics  arc  known.  Finally,  the  extinct  PahnhesUsy  comprising 
be  largest  kitown  member  of  the  family,  is  distinguished  from  the 
ist-named  genua  by  the  longer  mandibular  hymphysis,  and  the 
bsence  of  an  anterior  talon  in  tlie  upper  true  molars.     The  length 

VOU  IL  3  C 
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of  the  skull  of  the  one  known  species  is  estimated  at  as  m 
sixteen  inches. 

Of  Uncertain  Ordinal  PosiHcn. — Here  may  be  conveniently  i 
some  minute  Mammals,  mostly  known  by  teeth  or  fiagnit 
jaws,  from  the  Lowest  Eocene  of  Rheims,  of  which  it  is  diffi> 
say  whether  they  are  Marsupial  or  Placental,  although  it  is 
probable  that  some  of  them  belong  to  the  former  div'ision.  i 
these  may  be  mentioned  Trieuspodon,  with  teeth  resembling 
of  Spalacotherium ;  the  allied  Orthasfidotherium  and  Pleun 
tkerium  ;  and  Fro^niciis,  in  which  the  true  molars  approxia 
those  of  Amblotherium. 
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CLASS   MAMMALIA— continued. 

Orders  Edektata,  Cetacea,  and  Sirenia. 

DBCLASS  II,  EuTHERiA. — The  whole  of  the  remaining  orders  of 
timmalia  are  grouped  together  in  a  single  subclass,^  which   is 
hnacterised  by  the  foetus  being  nourished  in  utero  by  means  of  the 
■■tenial  blood  passing  through  an  allantoic  placenta.     This  sub- 
hss  is  sometimes  termed  the  Placentalia,  but  more  generally  the 
Eutheria.     Throughout  this  subclass  the  urinogenital  organs  are 
mvided  with  an  external  aperture  quite  distinct  from  that  of  the 
fimentary  tube ;  the  corpus  callosum  of  the  brain  is  well  developed  ; 
here  is  never  any  marked  inflection  of  the  angle  of  the  mandible ; 
ud  distinct  epipubic  bones  are  absent  in  the  pelvis.     With  the  ex- 
ception of  the  three  orders  forming  the  subject  of  the  present  chap- 
to,  the  dental  formula  can  always  be  reduced  to  some  modification 
ofthat  given  on  page  1249,     At  the  present  day  the  various  orders 
fcive  become  so  well  differentiated  as  to  render  their  definition  com- 
puatively  easy ;  but  fossil  forms  indicate  such  a  close  connection 
between  the  majority  of  them,  that   such  definition  becomes  fre- 
<tDently  a  matter  of  extreme  difiliculty,  if  not  an  absolute  impossi- 
biUty ;  and  it  is  to  be  remembered  that  it  is  entirely  due  to  our  non- 
icquaintance  with  forms  which  must  have  once  existed  that  renders 
nen  these  imperfect  definitions  practicable. 

There  is  at  present  no  conclusive  evidence  of  the  existence  of  any 
iwniber  of  this  subclass  previous  to  the  Eocene. 

Order  Hi.  Edentata. — The  Edentata  are  widely  different  from 
ill  oiher  existing  Mammals,  although  there  are  indications  of  affinity 
to  certain  extinct  forms  mentioned  in  the  sequel  under  the  heading 
of  the  Tillodontia.  Almost  the  only  common  character  presented 
oythe  various  existing  members  of  this  order  is  that  the  teeth,  when 

li  liM,  indeed,  been  proposed  lo  form  a  separate  subclass — PaTatheria — for 
'*  Kuptioa  of  the  Edeniaies. 
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present,  are  devoid  of  enamel,  are  never  developed  at  the  adi 
ties  of  the  jaws  in  the  situation  of  the  incisors  of  other  Mam 
and  are  always  homceodont  and  grow  from  persistent  pulps ;  i 
with  the  exception  of  one  genus  of  the  Dasypodida,  they  are 
wise  monophyodont.  It  has,  however,  been  recently  observe 
Dr  Ameghino  that  enamel  was  present  in  the  teeth  of  certain  \ 
American  fossil  forms ;  while  in  the  genus  DiadomuSy  from 
deposits,  a  pair  of  canine-like  teeth  occur  in  the  symphysis  c 
mandible.  In  many  of  the  genera  the  teeth  are  simply  cyliiu 
but  they  may  be  transversely  ridged,  and  occasionally  they  have : 
complex  internal  structure.  Not  unfrequently  the  maxillary 
sends  down  a  large  descending  process  in  the  zygomatic  arc 
II 63  bis);  and  certain  members  of  the  order  are  remarkable  as 
the  only  known  Mammals  which  develop  a  bony  exoskeleton, 
cer\-ical  vertebrae  are  short  and  wide,  with  nearly  flat  terminal 
to  their  centra. 

The  distribution  of  the  Edentates  is  very  restricted.  In  E 
neither  at  the  present  day  nor  in  past  times  is  there  any  kno 
presentative  of  the  order ;  the  so-called  Macrotfurium  bein| 
known  to  be  identical  with  the  Ungulate  genus  Chalicotherivm, 
Ancylotherium  is  also  allied  to  the  latter.  In  tropical  Asia  11 
the  Pangolins  or  Manida  ;  and  in  Africa  the  Orycteropodida, 
America  is,  however,  the  headquarters  of  the  order,  which  is 
represented  at  the  present  day  by  the  Anteaters,  the  Sloths,  ar 
Armadillos,  and  in  past  epochs  by  the  huge  Ground-Sloths  ai 
Glyptodonts.  The  gigantic  size  of  these  fossil  forms  as  coir 
with  their  existing  allies  of  the  same  area  is  paralleled  by  t 
stance  of  the  fossil  Diprotodont  Marsupials  of  Australia. 

It  is  evident  that  the  Edentates  are  widely  separated  frc 
other  existing  Eutherians ;  and  Professor  W,  K.  Parker,  in  v 
the  tendency  to  a  variation  in  the  number  of  cervical  vertebr 
other  features,  has  suggested  a  separate  origin  from  a  Prototl 
stock.  Professor  Cope,  however,  looks  upon  the  order  as  all 
the  Tillodonts,  and  the  occurrence  of  enamel  in  the  teeth  of 
fossil  forms  may  support  this  view. 

Family  Orvcteropodid-«.  —  The  Ant-Bears  {Orycteropn 
Africa  are  characterised  by  the  body  being  covered  merely ' 
few  hairs ;  and  by  the  numerous  teeth,  which  are  of  a  remai 
complex  structure,  owing  to  the  presence  of  a  number  of  v 
pulp-canals.  In  the  fore-limb  the  pollex  is  absent,  but  the 
limb  has  five  digits.  The  femur  has  a  third  trochanter,  an 
terminal  digits  are  provided  with  moderate-sized  claws,  suital 
digging  the  burrows  in  which  these  creatures  dwell.  At  the  p 
day  Orycieropus  is  mainly  characteristic  of  the  Ethiopian  i 
although  one  of  the  two  species  ranges  into  Egypt.     Till  vi 
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naihing  was  known  of  tli«  patxon  to  logical  history  of  the 
ff  but  l>f  FoTsj'th-Nfajor  has  recorded  a  species  from  the  Ix>wer 
of  the  isle  of  Samos,  in  the  Turkish  .\rchipeIago,  duttii- 
from  the  existing  species  by  ihe  largw  size  of  the  lateral 


A;ii. 


^ 


--  '^. 


'*  -- 
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tht-  x^6c—t»anlvUvorthtikllaa((^rJKarv^t4^fra^^^.    Afttci.    Reduced. 


The  occurrence  of  this  species  seems  to  point  to  the 
elusion  that  A^a  was  ihe  original  home  of  the  faniiEy. 
Famii-V  >Iasii)*. — The  Pangolins  (.Viii/y)  of  Inrfia  and  Africa 
re  distinguished  fmm  all  other  Mammals  by  iht:  body  being  covcitrd 
riorly  with  .i  coal  of  iinbricited,  homy,  epidermal  scalt-s. 
arc  absent ;  the  limbs  arc  short  and  furnished  with  Five  digits, 
icb  the  terminal  claws  aie  long,  cunTd,  and  biAd  at  the  extrc- 
The  humerus  has  an  cnic|>icondylar  foramen,  but  there  is 
I  third  femoral  irothantcr,  and  clavicles  are  wanting.  The  large 
l/imj  giganka  of  Western  .Africa  is  found  in  a  fosMi  state  in  llie 
nnstocene  cave-deposits  of  Southern  India;  while  in  the  Ixjwer 
niocene  of  the  isJe  of  Samos  we  have  a  species  three  times  llie  siie 
if  the  btier.  which  has  been  made  the  type  of  the  geims  Palaomams. 
K  pbatar^eal  from  the  Indian  Siwaliks  de.icrihed  as  Manis  appearti 
to  belong  to  Chaluothtrium. 

Family  PAsvnot>iDA — The  Armadillos  (fig.  1161)  of  South 
America  are  ch-iraclcriscd  by  the  presenLC  of  a  bony  dorsa!  carapace, 
composed  of  a  scries  of  dermal  sctites,  of  which  a  certain  numlwr 
are  always  arranged  in  movable  bands,  while  the  others  may  he 
Articnlated  together  into  solid  scapular  and  pelvic  bucklers,  as  in  fig. 
1161.  I'hc  fiontal  region  of  the  skull  also  has  a  hu>rklcr ;  while 
the  tail  t^  defended  by  rings  or  tuliercles  of  bone.  In  the  cxittttng 
Ktnen  the  teeth  are  simply  conical  \  and  in  Tatusia  nil  except  the 
brt  have  milk  predecessors.  Many  of  the  cervical  verlebroe  are 
Jnch>-iosed  together;  and  the  stout  humerus  has  an  enlepicondytar 
fonunen,  and  the  femur  a  third  trochanter.  The  fore-feet  are  ]iro- 
Tidcd  with  very  strong  curved  claws ;  and,  like  the  MamJ^,  the 
ocisting  forms  are  of  burrowing  habits.  The  I'leistocenc  cave- 
of  Brazil  yield  remains  of  soDic  existing  and  some  extinct 
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iipccics  of  the  genera  Da^-fius,  Talusia,  Tolypetttes  (fig.  \\h\\ 
Xenurus.     In  the   Pleistocene  of  Aigciitina  we  uiect  «uh 
extinct  type  known  a!>  Eutatus,  which  is  chancteriscd  by  ibc' 
of  ihe  cirapace  consisting  of  mo\'ab1e  bands,  which  ore  ih[rty4 
in  number.     The  Tertiaiics  of  the  same  region  have  oIm  pciT 
much  Larger  fonn  known  as  Dasypothtrhim,  which  appears  loi 
ncct  the  living  forms  vrith  the  next  gvnu^     ITicre  were  ei^hi 
teeth,  of  which  the  scL'ond  appears  to  have  been  entiiged. 
bomc  spccioii  of  MyiodoH.     'Ihe  most  reiu^luble  genus  it,  I 


rifi.  ittt.- 


(AfMr  Murfa.) 


Samtki 


ChlamyJothfrtHm,  of  the  South  American  Pleistocene,  in 
teeth  appioximale  in  structure  to  those  of  the  next  famtlf.    T 
carapace  has  several  movable  bands ;  and  the  largest  spedei »» « 
sidcrcd  to  h»ve  equalled  the  bulk  of  a  RhirMxeros.     The  onsd 
AmiacIiUos  are  therefore  dw-arfs  by  the  side  of  these  huge  al!i» 
an  earlier  epoch. 

Familv  Cuvptodontida. — In  this  extinct  American  fatmlrt 
body  was  covered  by  a  carapace  as  in  the  Armadillos ;  tnt  'i 
carapace  (fig.  1163}  has  no  movable  band^,  so  that  the  ailtt 
could  not  roll  itself  up ;  and  mhcc  the  forefeet  have  short  tbi 
toes,  it  is  evident  that  the  habits  of  this  group  were  rwt  fouoti 
The  carapace  usually  has  iu  component  scutes  united  by  saui 
but  in  one  genus  they  were  separate;  the  scutes  are,  morw* 
usually  omamenled  with  a  sculpture,  which  varies  in  the  diflctt 


tityftHdn  rrtAmtUmt;  Tmni  die  Plcitiocfnc  of 


lh«    bul    u    enclosed  in  a   complete   bony   sheath. 
larr  ~  tn  number,  and  have  two  deep  grooves  on  either  side 

Ing  thcin  into  three  nearly 

lolws  (fig.   1163);  the 

:  name  bcinjj  derived  from 

grooving   or   fluting.     The 
ial  pan  o(  the  cranium  is  char- 
|cri«cd  !>y  iw  ewreme  shottness 
[,    1  1 63  fit's) ;  and  there  is  a 
Ig   descending   m-axillary  pro- 
is  in  the  z>gomatic  arc}i.     Nearly  the  whole  of  the  vertebral 
Ittmn  is  anchylo««d  into  a  long  tube,  but  there  Is  a  complex 
im  at  the  baiie  of  the  neck.     Thia 
Btily    is    mainly  charactefislic   of 
nnh     America ;     but    species    of 
fyftodim  rsngcd  as  far  as  Mexico 
td    Texas    into    Nonh    Amciicn. 
Rat  confusion    has  arisen  in  re- 
KCt  to   the    classification   of  the 
l]rpiodonti>,   owing    to    the    diffi- 
llty  of   referring    isolalcfl   caudal 
leath!!  to   their   proper  carapaces. 
he  fonns   with   a  solid   carapace 
ay,  bowev-er,  be  ananged  as  fol- 
m.      In    /fc/l^Aervt   the  scutes 
r  the  carapace  are  sculptured,  and 
Flea  comparatively  thin,  the  peripheral  scries  being  flat ;  while  the 
tuda)  sheath  has  several  mavable  rings,  and  terminates  in  a  long 


^'^'."-^^<> 


Fia.  ttiitft.—lutt  Uicril  vt(w  of  the 
ukullor  Cly^tttlfm ;  htim  ihc  Plciitonnt 
cf  South  Amcilc*.  One-Unlh  lUilunl 
UMt     (After  Jlurmciitn). 
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subcylindrical  tube  (fig.  1164),  ornamented  with  a  number  of! 
disks,  surrounded  by  a  series  of  much  smaller  ones.  It  ii  1 
sidered  probable  that  the  caudal  tube  represented  in  fig.  i^ 
l>elongs  to  this  genus.  The  humeras  has  an  entepicondylar : 
and  there  are  four  complete  digits  to  each  foot.  An  allied  I 
from  the  infra-Pampean  of  Patagonia,  has  received  the 
Pahfhoplopkorus  ;  while  the  terminal  tube  of  a  caudal  sheath  \ 
Uruguay  has  been  made  the  type  of  the  genus  EUutk 
The  latter  specimen  is  characterised  by  its  loose  attachment  tol 
enclosed  vertebrae,  and  by  the  great  number  of  perforations 
bristles,  so  that  the  tail  of  the  living  animal  must  have 
a  huge  bottle-brush.     The  genus  Panoekthus  is  characterised  bj  I 


Fig.  1164. — The  incomplete  lerminBl  tube  of  ibc  caudal  ^lutb  o(  Htfl^ktna;  frmtle 
Pleijttocene  of  South  America-    One-thinl  oaiurai  vae. 

excessive  thickness  of  its  carapace,  the  scutes  of  which  are  tuberct ' 
lated,  and  hy  a  caudal  sheath  composed  proximally  of  seven! 
movable  rings,  but  terminating  in  a  long  compressed  tube  onu- 
mented  with  tubercles,  of  which  some  were  of  very  latge  dimensions, 
and  marked  with  a  radiate  sculpture.  In  JSuryums  the  caud:!  ' 
sheath  is  of  somewhat  similar  type,  but  the  scutes  of  the  carapace 
arc  simply  rugose.  Dadicurus,  again,  also  has  the  scutes  of  the 
carapace  rugose,  but  the  terminal  tube  of  the  caudal  sheath  ii 
enlarged  into  a  flattened  club-like  expansion,  covered  with  coine 
tubercles,  interspersed  with  a  few  larger  rough  disks  having  a  radiatt 
srulpturo  ;  these  disks  having  probably  been  surmounted,  is  in 
Ptiiioihthtts,  with  horny  epidermal  spines.  The  type  species  at- 
tained a  length  of  about  1 2  feet.  Finally,  in  Gfyptodon  {fig,  iifii), 
with  which  Sckisiopkurum  is  probably  identical,  the  scutes  of  the 
carapace  had  a  rosette-like  sculpture,  the  peripheral  ones  heing 
raised  into  conical  jirominences,  and  the  caudal  sheath,  at  lea* 
in  several  species,  was  entirely  composed  of  a  series  of  raortWe 
rinys,  ornamented  with  large  conical  tubercles.  'ITie  humerus  «a* 
devoid  of  an  cntepicondylar  foramen  ;  and  while  there  were  fi« 
complete  digits  in  the  manus,  those  of  the  pes  were  reduced  to  fbtir. 
ThortKdphorus  differs  from  all  the  foregoing  in  having  the  scutes  c' 
the  carapace  separated  from  one  another,  and  thereby  approximates 
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of  the  MesatheriidiT,  in  which  there  were  a  number  of  small 
I  embedded  in  the  dermis  of  the  dorsal  region,  A  similar  coti- 
revailb  in  Cariodermtiy  of  the  Ixjup-l-'orlc  beds  of  Tcxait. 
It,*  MvRM»xopHA(;in.n.  ^This  family  comprises  llic  true 
of  Soutli  Anieticn,  re[;reseiite<i  by  the  f^cncia  Myfmeoh 
Titmandutt,  and  Cydoturui:  but  appears  10  be  unknown  in  a 
state.  The  javrs  arc  entirely  destitute  of  teeth  ;  the  body  is 
Iwd  with  httir  :  the  tail  n  long  ;  there  are  either  four  or  five  digits 
be  pes  ;  and  the  third  digit  of  the  mantis  Is  the  longest. 
^ll.v  Mt'iATMlKiio*. — The  mcnibers  of  This  family  are  en- 
^kxtinct,  and  arc  conAncd  to  the  New  World.  They  comprise 
Htber  of  \vrt  lai{[e  fonnii  adapted  solely  for  walking  on  the 
nd,  and  showing  in  their  skeletal  organi:ia(ion  characters  inter- 
liate  between  the  preceding  and  the  following  families.  Thus, 
le  their  vertebrae  and  limbs  are  constructed  like  those  of  the 
vfhdtpJ*t^  their  crania  and  dentition  resemble  those  of  the 


^ — ATccKfAman  amttriiamM  i  Troni  ilu  Pltitnotasof  Sovih  Auii^ca. 
Mucli  Kdvwd. 

Udut,  One  species  of  the  genus  Sctiiitolhenum  approxi- 
ie|^  howerer,  in  cranial  chanclers  to  the  foiincr  family  :  and  it 
Kbable  that  th«  whole  three  families  have  originated  from  a 

^  *toclc.     The  number  of  the  teeth  is  usually  ~ ;  and  the  firsl 

4 
I  second  teeth  may  be  cither  in  apposition  or  separated  by  an 
The  femur  has  no  third  trochanter;  and  the  under  sur- 
tbe  odontoid  process  of  tht>  axis  vertetira  presents  a  peculiar 
surface  for  antculation  with  the  alia*.  The  type  genus 
'gaiherium '  is  found  in  the  Pleistocene  of  both  South  and  North 

TUt  nsme  itwitld  properly  be  AftgaUikrriitm,  but  in  aniiquiiy  rcndcrt  li 
mkM  HCicd. 
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America  ;  tbe  typical  M.  amerUamim  (fig.  1 1 65)  or  the  fontierl 
being  fully  equal  in  bulk  lo  tlic  largest  spcdcs  of  Khiaoccnb 
teeth  (fig.    1166)  conKUt  of  square  prj«tn»,  wearing  into 
ridgca  through  Uic  lue^nce  of  two  %'crtical  plate*  of  hanl 
inierolated  between  KOftef  dentine  and  cement ;  ihey  ate  do 


Structure,  and  arc  all  in  conlaci.    The  feet  arc  ptx>vidcd  itilh  : 
ful  and  huge  claws,  the  third  digit  in  each  Foot  being  the 
and  the  humerus  lias  no  fommcn. 

There  arc  indications  that  the  3i»at  was  prolonged,  and  xom,  > 
flexible  ;  And  the  tongue  uns  probably  prehensile.     From  the  clai 
of  the  molar  teeth  it  is  certain  thai  the  Mcifnlhcrc  was  purely  ticrh*' 
in  il5  habits ;  and  from  the  enonnous  >iec  iind  wcii;bi  of  ibc  Im^i 
equally  certain  that  it  rould  not  have  imii.itecl  \\%  mixlrm  allien  I 
Sloths,  in  ihc  feat  of  climblnj,'.  back  dowTiwards,  amonj;*!  the  wwfc 
is  clear,  therefore,  th.11  it  sought  its  sustenance  upon  ihc  Krnsmlil 
wax  originally  supposed  lo  have  lived  upon  tnnis  :  but  by  >  ma 
piece  of  deductive  reasoning.   Sir   R.   Owtn   showed   (hat  tin- 
Ground-iloth  liv<?d  upon  ihc  foliare  of  trees,  like  lhec^i»tiaK^■ 
bui  with  tliii  dlTTcn-DLr.  that  instead  of  cliinbtni;  am()n;;vi  the  br. 
it  actually  uprooted  the  tice  bodily.     In  this  lour  iU  for,  r,  \ht  inir. 
upon  its  huge  haunches  and  mighty  tail,  as  on  a  tripod,  and  ttoi  p 
in^  ihr  trunk  with  its  powerful  arms,  either  vrrenchcd  tiupfayllMi 
or  broke  11  short  ofTnbovc  the  ground.     NfancUous  as  >hi»  tnaytfa^J 
can  be  shown  that  o-er>-  detail  in  the  skeleton  ot  the  Mc-jruihereao 
with  the  supposition  that  ii  obtained  its  food  in  this  way. 

A  smaller  but  allied  form  from  the  Hcistocenc  of  Sot;-'-  '■ 
has  been  named  Onunnt/ius,  but  since  tht<>  term  is  px:- 
a  genus  of  Palfcozoic  Fi-shcs,  it  should  Ik  changed. 
Scf/iJoiAerium  (fig.    T167),  which  may  lie  taken   to  m 
imyx,  and  likewise  occurs  in  the  South  American  Flci-: 

prises  a  number  of  tpecies,  and  hxis  chamciers  in  su: 

intermediate  between  the  preceding  and  the  following  gencnk 
tccih  in  the  upper  jaw  have  an  irrejjulaily  oval  section,  while 
of  the  mandible  arc  usually  subtriongubr ;  tbe  whole  of  the  scnei  I 
are  in  contact,  and  their  crowns  do  not  wear  into  ridges.    Tlic ' 


prises  another  group  of  large  Ground -Sloths,  which  has  b«n 
up  l>y  sonic  writers  into  ihc  genera  Ltsto^n,  Pseud^iestpdom,  G\ 
tJt^rium,  Sec,  according  to  certain  not  vcrf  iinporunt  diifa' 
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!C  and  mode  of  arningenicm  of  ihc  leclli.  In  the  upper 
'h  are  usually  i.uh triangular  or  oval  in  trnriKverse  i^ection, 
-al  species  there  is  unly  n  short  interv-al  between  the  first 

rond  tooth  in  each  jaw,  and  the  former  is  worn  horizontally ; 
otbcr  species  thert:  is  a  considcrahlc:  interval  bclwccn  the 
and    liie    first  i&  worn  ohlt<|uely,  as   in   certain    Sloths.     The 
has  no  cntcpicondyloi  foiainen ;  and  in  the  shortness  of 
skull   and  the  characters  of  the  teeth  this  genus  approaches 

0  to  the  modem  Sloths  than  any  other  member  of  the  family. 
beKt  known  specie!^  is  the  South  AireTicin  Mylodon  roburlui 
■  169^,  which  wa»  smaller  than  Afrgat/uriufn  amenMnum,  its 

Kh  being  altoui  1 1  feet ;  hui  Af.  iirmaius  (the  type  of  the  so 
^  £^steJon\  from  the  same  country,  is  considerably  Ur^cr.  The 
species  it  M.  Harlani,  from  the  Pleistocene  uf  "  iiig-bone 
in  Kentucky,  North  America ;  while  the  Patagonian  M. 
is  a  very  aberrant  form,  regarded  tiy  some  writers  as 
ly  distinct,  and  named  Giypolhfrium.  There  arc  numcr- 
dermal  scutes,  which  do  not  aiticuUic  with  one  another. 
fyx^  from  the  I'lcistocene  of  North  .\mencn,  is  an  allied 
acicriscd  by  the  long  interval  between  the  large  first  and 
Her  second  tooth,  and  also  by  the  presence  of  an  entefn- 
forainen  to  the  humerus.  The  type  species  is  M.  Jfffc' 
frooi  Kentucky  and  Tennessee ;  while  M.  aihtnsii,  from  the 
of  Cuba,  has  I»ecn  separated  by  some  wrilcns  under 
nunc  of  3fegaloehnus  {Af/omi'r/i/ius).  Another  furin  hitherto 
m  as  Cttiodffn,  but  which  may  be  named  .Ve/ArotAen'uw,  on 
Ntnl  of  the  preoccupation  of  the  foitner  term,  occurs  in  the  Pleis- 
cave-deposits  of  Brazil,  and  agrees  with  Mti;aionyx  in  the 
ctnrc  of  its  limbs,  but  ha-s  teeth  of  the  type  of  those  of  Aftga- 

MM*,  alihoi^h  their  number  is  reduced  to  -  ;  the  type  species 

Inderably  exceeded  in  size  the  largest  Ant-eater  of  the  present 

the  Mammals  from  the  Lower  Pliocene  and  Miocene  of  North 
tBJca  which  have  received  the  names  Afarapus  and  MftrolhtriuHi^ 

1  arc  rc^i^rded  by  Professor  Marsh  as  forming  the  type  of  a 
linct  family  of  Edcnlatc>i — thi-  Moroftodidit — probably  belong  to 

Ungulate  family  ChalUotheriidir. 

pAWI  LV  BxADYPODiDjr. — This  family  is  entirely  confined  to  South 
lenca.  aiid  now  comprises  two  genera  of  comparatively  small 
nala   which   are   of  exclusively  arboreal   hnhiU-     The   body   is 

lied  with  coarse  hair  j  the  teeth  ore  -  in  number  in  each  jaw, 

4 
are  of  sut^cylindrical  form,  with  a  central  axis  of  soft  dentine, 
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surrounded  by  a  coat  of  a  harder  kind  of  the  same  substance, 
fore-limbs  are  enoimously  elongated ;  and  both  the  manns  u 
are  furnished  with  long,  curved  claws ;  the  number  of  digiti 
exceeding  three  in  each  foot.  The  skull  (fig.  1 1 70)  is  short, 
descending  maxillary  process  to  the  zygoma ;  and  the  tail  B 
mentary.  In  Bradypus  (fig.  1 1 70)  the  first  tooth  is  equal  in 
the  second,  and  is  worn  horizontally ;  while  the  digits  are  n 
to  two.  In  Cholcepus,  however,  the  first  tooth  is  consider^ 
than  the  second,  from  which  it  is  separated  by  a  much 
interval  than  in  Bradypus,  and  wears  obliquely ;  while  the 
three  digits  to  each  foot     The  only  known  fossil  form  is  fri 


Fig.  117a — Skull  of  Anu/r/"' f^"i^-    Rcomt.    Sooth  Anwrka.    Rcdwa^ 

Pleistocene  of  Argentina,  and  has  been  named  Nothrapus  / 
it  appears  to  have  been  about  twice  the  bulk  oi  Bratfypus  did, 
and  has  the  first  lower  tooth  separated  by  a  very  long  intern 
the  second,  although  it  is  of  smaller  size;  the  cranium, 
dentition,  and  feet  are  unknown. 

Order  IV.  Cetacea. — The  Cetacea  form,  perhaps,  th( 
readily  defined  and  sharply  differentiated  order  in  the  whoU 
Their  contour  is  fish-like,  the  body  being  fusiform,  and  passi 
perceptibly  into  the  head  without  any  distinct  external  nee 
posteriorly  gradually  tapering  to  the  extremity  of  the  tail,  wl 
furnished  with  a  pair  of  horizontally-expanded  "flukes,"  fan 
dense  fibrous  tissue  covered  with  skin  (fig.  11 78),  The  h 
frequently  very  large,  and  may  be  as  much  as  one-third  th 
length  of  the  animal.  The  pectoral  limbs  are  reduced  to 
paddle-like,  organs ;  and  there  are  no  external  traces  of  pelvic 
The  skin  is  smooth  and  without  hair ;  although  bristles  0 
present  in  the  neighbourhood  of  the  mouth,  more  especi 
young  individuals.  Frequently  there  is  a  median  dorsal  i 
1 1 78),  which  however  has  no  bony  supports.  Both  the  eye  3 
external  auditory  aperture  are  small ;  the  former  having  no  nic 
membrane,  and  the  latter  no  pinna.     The  nostrils  open  by  a 
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tlAc  aperture  usually  near  the  vertex  or  the  !>kutl.     The  bones 
^iBEuall]'  of  a  ipongy  nature,  and  contain  a  large  amount  or  oil. 
cervKal  region  of  the  vertebral  column  in  always  vc-ry  short; 
itbe  Kven  component  elements  may  be  p.'iitially  ur  completely 
together,  while  the  odontoid  process  o(  the  axis  when  present 
rt  and  Ijlunt.  and  may  lie  enlircly  want- 
None  of  the  vertebne  unite  to  form  a 
The  lumbar  and  caudal  vertcbia: 
and  numvrous,  and  from  the  ah- 
of  <y|;apaph)-sial  antculalion<i  .illow  of 
amount  of  motion  in  the  hinder  part     e 
body  ;  the  presence  of  chevron- bones 
it»hc«  the  eaudaU  from  the  lumbarN.  "^ 
terminal  epiph)-»es  of  the  ^-crtebne  do 
I  imtte  with  the  centra  till  the  animal  is 
adult.      The  cranium  presents  peculiar 
■la    which   it  will  not  be  necessary  to 
aibe  here  ;  although  it  may  be  mentioned 
I  the    uKiull}'  Mnall  nasaU  are  £ener.illy 
Lght  up  near  to  the  vertex,  and  that  there 
I  more   or  less  elongated  rostrum   in  ad- 
Bc  of  the  eAtemal  tiares,  formed  by  the 
tasxiUa,  ma»lla,  mesethmoid,  and  vomer. 
vidcs  are  absent  1   the  scapula  and  hu- 
are  -well  developed  and  freely  niov- 
npoa    one  arvother,   but    the  anterior  r\  Witt 

of  the  limb  admit  of  only  a  very 
amount  of  movement.  There  arc 
■Dy  five  d^ts  in  the  manuii  (fxg.  1171), 
I  iheiie  nuf  be  reduced  to  four ;  the 
jbngcalt  are  unique  amoi^  Mammal-i  in 
ceding  the  number  of  three  to  a  single 
it,  and  a\m  in  being  furni.ihcd  with  epi- 
his.  The  pelvis  us  represented  hy  a  pair  ih, '"ftwa^Snib'^T'lkf 
Utifbrm  bones,  which  are  regarded  as  tl^f-^^.^i'jf^.'^.Z] 
t  icchia  :  and  there  are  occasionally  small  «■  L'lniw.CuTiii-cb.  iwwr 

.,  -  ,         puccd    on    tht     .oiph^Kl    9t 

Dus    at   cartilagea    representing    the  rutuie):>-i-w;.MruciirnHu: 

bones  of  the  proximal  part  of  the  till^i,.,'''"''"*"'-    **^'" 

btnb.      Teelh  arc  u.sually  present,   hut 

irtty  variable  in  number  and  size.     The  dentition  in  existing 

is  bofnueodont  and  monophyodoni,  but  it  was  heterodoni 

extinct  y£Uf^ii>donfida  of  the  Kocene. 

Cctacca  are  not  known  vfith  certainty  before  the  Eocene. 

e  most  aliundani  in  the  later  Tertiary  periods.     "Wxq  denti- 

tbe  Eocctte  Ziushdoniiitf  iiidieates  tliat  the  order  has  been 
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probably  derived  from  Mammals  with  a  heterodont  dentiti 
Professor  Flower  comes  to  the  conclusion  that  it  is  most 
that  their  ancestors  were  allied  to  the  Ungulata;  while 
absence  of  Cetacean  remains  in  the  Cretaceous  the  same 
thinks  that  the  earlier  members  of  the  order  were  ir 
of  freshwater.  With  the  exception  of  the  PlatanisHda  : 
Delphinida,  all  existing  Cetaceans  are  of  marine  or 
habits. 

In  their  increased  number  of  phalangeals  (hyperphalar 
Cetacea  resemble  the  Reptilian  hhthyosaurida  and  Pieswtia 
from  this  circumstance,  coupled  with  their  simple  type  of  tc 
been  argued  that  they  represent  the  most  archaic  type  of  Hai 
even  that  they  are  directly  descended  from  the  Ichthyo&auis. 
mentioned  there  are,  however,  many  practically  decisive  ob 
these  views. 

For  the  determination  of  fossil  Cetaceans  the  solid  tyw. 
petrosal  bones  of  the  internal  ear,  and  less  frequently  t 
rostrum,  are  of  especial  importance,  since  these  parts  are 
well  preserved. 

Suborder  i.  Mystacoceti. — In  this  suborder,  commo 
as  the  Whalebone  ^^l^ales,  functional  teeth  are  no'er  p 

though  germs  may  be 
in  the  gums;  "  baleen' 
bone  is  always  attach 
palate ;  the  t>-mpanic 
117a)  is  anchylosed  t 
otic  and  involuted  u] 
the  nasal  passages  art 
by  the  nasals,  the  lai 
small  and  distinct 
jugal ;  and  the  rami  o 
dible  are  laterally  ci 
do  not  meet  in  a  sj-m 
Family  BAijENti 
only  family  of  this 
may  be  divided  into 
nine  and  Balitnopt 
tions.  In  the  first  of  1 
is  often  no  dorsal  fin,  the  tympanic  (fig.  1172)  has  a  ch. 
flattened  and  angulated  shape,  and  some  or  all  of  the  ci 
icbrre  are  at  least  usually  fused  together.  Remains  of 
Bahena  (including  Baleenolus  and  Balartula)  occur  abu 
the  Pliocene,  and  especially  in  the  Enghsh  and  Belgian  Ci 
of  these  fossil  species  {B.  affinis)  is  closely  allied  to  the 
Whale  (fig.  1 1 73);  while  B.  primigenia  is  more  nearly 


Fig'  1173. — Inner  vievr  of  the  right  tympanic 
"f  the  (frcenland  Whale  (fdA^fd  tttystatttttt). 
One-ihird  natural  lize.    {After  Giay.) 
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icit  of  (he  Southern  Seas.    Pala&alui,  which  has  been 
'  Hi  deiichbcT  a^  of  Mvmjwic  ajjC,  may  be  proviaioii^Iy 
.  to  ihU  section ;  ihe  tj-pe  was  probably  obwtned  from  ihe 
In  ibe  Saianapurine  seclion  a  dorsal  fin  is  very  gcne- 
L  (whence  the  nante  "  Kinners  "  apjilicd  to  many  of  these 


^->l>aft  IU«ml*itwariWilnllitf  iht  >■■ 


Ii  (Aa/MM  mjttmtmt). 


the  cervical  venebnc  are  free,  and  thicker  than  in  the 
section ;  and  the  tympanic  {fig.  1 1 74)  is  longer,  more  in- 
id  more  rounded  (tian  in  the  latter.  The  existing  genus 
TO.  (in  which  may  be  included  the  fossil  liurtinopsis)  is 
Uy  represented  in  the  Pliocene  Crags  of  both  England  and 
-,  Bakeno^era  also  occurs  commonly  m  Uk-  same  deixxsits  ; 
pto  being  apporcnily  nearly  alUcd  to  the  existing  B.  siUaid', 


II}*— IwMr*Ww«f  ihtrix'" 


i-tul(  luiiml  iliK.     (AAcT  Uriy.) 


RKsal.     On«< 


tnins  a  length  of  80  feet ;  while  H.  etfiur^iMitia  conies  nearer 
Hng  B.  roitrata,  which  is  seldom  more  than  30  feet  tn  length, 
"imm  (including  Cttolkeriopkants,  PUfhxetm.  and  Pftsioctt- 
characti-riscd  by  ihe  narrowing  of  the  nnterior  extremity  of 
panic,  and  is  likewise  found  in  the  Crags  and  other  Pliocene 

U.  3D 
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beds ;  while  Herpetocetus  from  the  same  deposits  is  an  allied  | 
with  an  egg-shaped  tympanic,  and  a  talon  to  the  mandibular  cot 
which  re^ls  that  of  Physeter.  The  names  Ampkicetus,  lA 
Isocetus,  Hettro^tus,  and  Mesocetus,  have  been  applied  to  Cea 
from  the  Belgian  Crag,  most  or  all  which  may  apparently  1 
eluded  in  Cetotherium.  Lastly,  a  vertebra  from  the  Upper  E 
of  Hampshire  has  been  referred  to  Balanoptera,  but  this  reft 
requires  confirmation. 

Suborder  a.  Arch^oceti. — This  suborder  is  confined 
Eocene  and  Lower  Miocene,  and  n^ay  be  characterised  by  th 
nasals,  and  the  presence  of  teeth  differentiated  into  groups  i 
jaws. 

Family  ZeuglodontidjE, — In  the  one  genus  of  the  only 

family  the  dental  formula  is  /.  \  C.  -,     Pm,  +  A/:    5.     Tl 

3  I  5 

ting-teeth  are  simple  and  pointed ;  but  the  cheek-teeth  (fig. 


Pig.  II7S. — Ztugbdm  eilfidii :  frtim  [he  Middle  Eocene 
America-  A.  Left  laier^  Aspect  of  cnniiun.  mudi  reduced;  %, 
molar  loolh  less  reduced.    (After  GandrY.) 


have  two  distinct  roots,  and  compressed,  \ 
crowns  with  denticulated  cutting-edges.  T 
nium  is  elongated  and  depressed ;  the  braii 
is  small ;  the  temporal  fossae  and  the  sagilt 
are  large ;  the  cranial  rostrum  is  long,  and 
sides  largely  composed  of  the  premaxillae ;  the  nasals  are  loi 
and  narrow ;  and  the  external  nares  are  placed  more  anterior 
in  living  Cetaceans.  All  the  cervical  vertebrse  are  free,  whU 
of  the  lumbar  region  are  unusually  elongated ;  but  the  nature 
limbs  is  not  known.  In  their  dentition,  as  well  as  in  the  du 
of  the  skull — especially  the  long  nasals  and  the  forward  posi 
the  nares — the  Zeuglodonts  depart  less  markedly  from  the  j 
plan  of  Mammalian  structure  than  any  existing  members 
order  ;  and  it  is  remarkable  that  the  Mystacoceti  show  a  ne: 
semblance  in  cranial  structure  to  these  fossils  than  is  made 
Odontoceti,  The  one  genus  Zeuglodon  is  known  from  the 
Tertiaries  of  Egypt,  England,  and  North  America ;  the  rem 


Z.  ettmiis  being  extrn ordinarily  abundant  in  parts  of  the 
intnr,  where  they  have  been  weathered  out  of  a  deposit  of 
ne  age. 

ki»rK  3.  OiX)?fTOCETr- — All  living  Cetaceans  not  included  in 
fbcoceti  Iidong  to  this  suborder,  which  is  characterised  by 
knee  ofcatcilicd  teeth  aflcr  birth  ;  the  runcltonal  ones  being 
f  ntiinerot]<;.  but  Kometimes  reduced  to  a  sinf^le  pair  (ooca- 
kanting).  Baleen,  or  whalebone,  is  inv-ariably  abRcnt;  the 
(5  more  or  less  unsyromecricnl ;  the  lu^aK  are  reduced  to 
tty  nodules  which  do  not  roof  over  the  narial  passages;  the 
ll  is  either  united  to  the  jugal.  or  of  very  large  size;  and 
fibular  rarni  are  nearly  straight,  and  meet  in  a  median  sym- 
The  tympanic  is  not  anchylosed  to  the  iicriotic,  and  has 
(otnptetely  involuted  stracturc  found  in  the  Myslacoceti. 
y  PHYSF-TKRitLK. — In  this  family  there  arc  no  functional 
the  upper  >aw  ;  and  the  anterior  facet  of  the  periolic  for 
pn  with  the  tympanic  is  smooth  (fig.  1 176).  while  the  pos- 
pponic  surface  of  the  former  bone  is  broad,  with  a  distinct 
Mge.  In  recent  genera  some  or  all  of  the  cervical  vertebrae 
I  together.  This  family  is  dividwl  into  the  two  subfamilies 
Uf  and  ^jpkiiitit.  In  the  fonner,  which  comprises  the 
tachalot,  or  Sperm  V^'hate  (Pfiytfter),  and  the  Short-nosed 
f{Cr>ftii),  the  niandibular  teeth  are  numerous  and  implanted 
[  groo\*e  partly  diwded  by  imperfect  sepia.  Remains  of  the 
Speim  >Vhale  {P.  macrocepkalm)  arc  found  in  the  English 
tdf  artd  also  in  the  Pleistocene  of  South  .\merica  ;  the  large 
Ire  tw  enamel  at  their  summit.  Allied  to  this  genus  arc 
rtrni  the  English  and  Relgian  Crags,  and  Phytttodtm  from 
etie  of  .^ustialia  ;  while  Pkxieteruia  is  a  genus  founded  on 
rom  the  former  deposits,  which  does  not  exceed  some  so 
;ngth.  A  number  of  Pliocene  and  Miuccnc  forms  appa- 
Ilin!  to  the  Cachalot, 
1  the  crowns  of  the 
ped  with  enamel,  have 
scribed  as  Ba/<rncJ'f», 
IS,  Hofhattu,  Phyfodpn, 
\mdft ;  ffifhtthif  and 
I  comprise  comparatively 
ecics  from  the  English 

f  Crags  and  the  French 
'hile  /Jphioides  is  from 
Xtioccnc  of  B.iltringcn 
mherg.  In  the  Ziphiine  subfamily,  comprising  the  existing 
sed  {ffyjxrwdcn)  and  Beaked -Whales  {FJphiut  and  ,\feso' 
the  mar»dibular  teeth,  vilh   the   exception   of  one   or 


ltmetr«itrit :  fntm  ih«  SuHolk  CinX' 
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occasionally  two  pairs,  are  rudimentary.  Ifyperoodon  is  repRifl 
in  the  Crags  of  England  and  Belgium.  These  beds  also  yidd 
extinct  genus  Chonesiphius,  as  well  as  several  species  bdongit 
the  living  genus  Mesoplodon,  which  is  distinguished  from  C 
ziphius  by  the  complete  ossificatioR  In  the  adult  of  all  the  da 
comprising  the  cranial  rostrum.  The  Crag  species  of  Mts^ 
are  mainly  knowp  by  these  solid  rostra,  which  in  the  living  s 
are  compKJsed  of  dense  ivory-like  bone,  and  are  the  most  solid 
found  in  the  whole  of  the  Vertebrata.  The  periotics  (fig.  \  i] 
more  rarely  found,  but  are  equally  characteristic. 

Family  PlatanistidjE, — This  family,  which  is  now  rei»e 
by  Platanista  of  the  Ganges,  and  Inia  and  Pontqporia  of  lb 
rivers  of  South  America,  is  characterised  by  the  large  nun 
simple  teeth  in  the  elongated  jaws,  and  by  the  length  of  th 
dibular  symphysis  exceeding  half  that  of  the  entire  mandible. 
of  the  cervical  vertebrae  are  anchylosed  together.  Remain 
to  Pontoporia  were  found  by  Bravard  in  the  Pleistocene  of 
America,  but  these  are  referred  by  some  authorities  to  a  1 
genus  under  the  name  of  Pontistis  or  Palaoponioporia.  The 
genera  Champiodelphis  and  Schisodelphis,  of  the  European  PI 
are  usually  referred  to  this  family,  but  the  latter  approximates 
Dtlphinida. 

Family  Squalodontid*.  —  The  extinct  Squalodonts  W) 
merly  classed  with  the  ZeuglodonHda,  but  the  characters 
cranium  are  essentially  Delphinoid.  although  the  teeth  are  dil 


^>K'  <i77- — 'Vb'ns\t>tiKrmMi%i:XSqiatadtm;  from  tb«  Miocow  of  Europe 

ated  into  groups  as  in  the  former.  The  type  genus  Squalodon 
from  the  Middle  Miocene  to  the  Pleistocene  of  Europe,  and 
found  in  the  Tertiaries  of  North  America,  New  ZeaUnd,  an 

tralia.      The  teeth  may  be  arranged  as  /,  - ,  C.  - ,  Pm.  *, 

the  premolars  are  simple,  but  the  true  molars  (fig.  1177 
double  roots,  and  crowns  very  like  those  of  Zm^adon^  al 
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Sed  by  the  dcnliculations  being  more  developed  on  the 
'  than  on  the  anterior  border.     The  .so-called  Rkizoprion  \% 
ra  species  of  this  genus. 

lUr  DELrHisiDA. — In  this,  the  la&t  family  of  the  Cetacea, 

arc  simple,  nnd  usually  numerous  in  both  jaws  j  and  the 

of  the  mandibutnr  symphyu's  may  be  very  siiull,  and  ni.'vor 

I  one-third  of  tbat  of  the  entire  ramus.     'Wi\i  pcriotics  (fig. 

which   are  (mjuentty  found    in    a    fosiiil   condition,   are 

'  distingutshed  from  those  of  the  PhystteriJit,  by  having  the 

&cet  which    aniculatcs  Kith   the   tym]>anic   marked   by  3 


-  of  grooves,  as  wdl  as  by  the  turrowncss  of  the  posterior 

their  tympanic  aspect.    'I"his  family  comprises  all  the  Ceia- 

Commonly  known  as  Porpoises,  Grampuses,  Kilters,  and  Dol- 

RemAins  of  the  Narwhal  i^Motiodim  nn>in>ceros)  are  foimd 

Norfolk  Foresi-bed  and  the  Plcistocent;  of  .Maska.     The 

Iklphinapltrut^  now   represented    by  the  "\Vhite  While," 

in  ibc  Lower  Pliocene  of  Tuscany,  as  well  as  in  the  Plioct-nc 

iocene  of  other  pans  of  Europe.      An  extinct  species  of 

■Whale"  (Onw)  is  found  in  both  the  Italian  and  English 

The    existing    Globicephalus 
Of  '*  Black-fish,"  has  left  its  re- 
in   the    superficial    deposits    of 
I,,    while  the  extinct    G.  Hnadem 
in    the  Suffolk   Crags.     A   left 
of  the  latter  species  is  repre- 
id  in   fig.    1179,   in   order  10  show 
iicstturcs  characttrristic  of  this  family. 
|rn»ttng    Pstudorta   rrttsridrns  was 
illy   described    from    a    subfossil 
found  in  the  fens  of  Lincotn- 
Of  the   smaller    Dolphins  it   is   probable   that  the   genera 
ps,  iMgenorfiVfuhus,  and  Dt/phinus  (as  now  restricted)  are  all 
!)ted  in  ihc  Pliocene  of  Kurope.     Eurhintxitlphis.  is  a  long- 
enus  from  the  Pliocene  of  Belgium  and  Italy,  which  is 


GMtietfkaiut  watfi-tmt :   frvm   the 
Corallini  Cis>a  of  Suffclll. 
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probably  nearly  related  to  the  existing  Siene.  Delphinoid  icsB 
from  the  Miocene  of  North  America  have  been  described  bj 
Tessors  Leidy  and  Cope  under  the  names  of  PrisctftUiphiinu,  H 
spkys,  Zarkachis,  LopJioeehts,  £habdosteus,  Ixaeantkus,  An/fi/m 


E1(.  iiBo.— Skdeton  of  ihe  Muiuee  iMmmmlia  mmtinfu).     Gnadjr  nddcid. 

and  Orycterocehis ;  but  further  information  is  required  as  to  t 
affinity  of  these  forms  and  their  right  to  generic  distinctioiL 

Order  V.  Sirenia. — The  Sirenia,  now  represented  only  by  1 
Manatees  and  Dugongs,  agree  with  the  Cetacea  in  their  a(UpUti 
for  a  purely  aquatic  Ufe,  and  accordingly  present  a  strong  gene 
resemblance  in  their  external  contour  to  the  members  of  that  onl 
The  head  is,  however,  of  normal  relative  size ;  the  tail  has  a  b 


Fig.  iiSi.— Donal  view  or  the  righi  peciiical  limb  i^  ifiuutim  aialrmlh.     UnctinitaEi^ 
I,  StapuU;  k,  Humcnu;  r,  Radiui;  v,  Uln>i  /,  Polka. 

zontal  membranous  expansion  ;  the  pectoral  limbs,  although  modi£ 
into  paddles  (fig.  iiSi),  retain  the  normal  number  of  [^alangea 
all  external  traces  of  the  pelvic  limbs  are  wanting ;  and  the  surii 
of  the  body  is  either  naked  or  covered  with  sparse  bristles.  T 
lips  are  fleshy ;  the  nostrils  placed  near  the  extremity  of  the  mitf 
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io)  -,  ihc  eyes  minulc ;  and  the  small  car  has  no  external 
The  bones  of  the  skeleton  are  extremely  dense  and  .solid; 
vcncbfae  mav  be  reduced  to  »ix,  but  are  hcvlt  anchy* 
;  and  the  axis  has  a  well-developed  odontoid  process, 
hjive  no  cpipliVM^;  and  none  of  them  unite  to  form 
I.ar^e  ch«Ton-lK)ncs  are  present.  Clavicles  are  want- 
no  recent  furnis  ^ow  any  trace  of  the  femur,  although  a 
nidintent  of  this  bone  is  found  in  the  extinct  Nalitfurium. 
ro  bones  of  the  forcaim  in  the  existing  genera  (fig.  1181)  are 
al  in  siec,  and  fmiuently  ancliylosed  together.  In  recent 
|be  sltuJI  (fi^  ti8i)  is  rcmarkal>le  for  the  upward  direciion 


inanal  aperture,  and  for  the  absence  or  nidimental  condition 
fOBSals.  The  teeth  can  only  lie  differentiated  in  the  living 
I  into  tncisors  and  chcclc-Ietth,  which  are  separated  from  one 
:r  by  a  long  interval ;  but  in  one  fo&sil  genus  there  is  a  more 
dental  series ;  while  in  Rhytina  these  organs  were  totally 
.  In  the  existing  genera  the  dentition  is  monophyodont, 
c-molars  occur  in  Halitktrium.  This  order  is  known  from 
\t  upwards,  but  appears  to  have  been  stca^dily  dying  out 
resent  period.  The  fossil  forms,  although  decidedly  more 
llised  than  their  living  represenuiives,  do  not  at  present  afford 
^  indication  as  to  the  origin  of  the  order. 
CILV  Halicorid^ — In  this  family  the  one  existing  genu^ 
wr  (Dugongs)  has  the  deflected  preinaxillae  (fig.  1  i8j,  a)  fiir- 
I  with  a  pair  of  large  tusk-like  incisors;  and  there  are  also 
airs  of  functionlcss  germs  of  cutting-teeth  in  the  similarly  dc- 
1  mandibular  symphysis.     Five  or  six  cheek-teeth  are  dfvel- 

Ei  each  jaw,  which  aic  usually  cylindrical,  and  all  grow  from 
nt  pulps,  and  are  not  coated  with  enamel.  The  Dugongs 
il  the  ousts  of  the  Red  Sea  and  Ihc  Indian  Ocean.  Pruhaii- 
hORi  the  Pliocene  of  France,  k  regarded  as  nearly  allied  to  ihe 
%  genus.  The  only  otlier  form  which  has  been  refcned  to 
amily  is  known  by  a  molar  from  the  Tertiary  of  California, 
t  has  been  described  by  I'rofcs»oi  Mar»Ji  under  the  nami:  of 
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i>es»toiylHs.     Funhcr  information  is,  howerer,  required 
reference  can  be  definitely  accepted. 

Family  Hai.ithkriid^ — The  fossil  forms  consiituting  theJ 
tkeriidtr  are  charaaerbed  by  the  presence  of  upper  incison; 
cheek-teeth  being  coated  with  enamel,  like  Ihose  of  the  .Win 
and  by  the  retention,  in  at  least  some  cases,  of  a  milk 


Fig.  til}-— CrindinBiarfuvof  irK  d(nuliiiiul«andlutncbi  IwmrnaUn  e(  tfatltcMil 
/mil* ;  mm  it>*  Huropiaa  Mbocm. 

In  the  type  gt-nus  /fa/itherivm  (which  may  \k  taken  to  indf 
Haliamsia,  Pugmeodon,  and  Ftlsimfthcrium)  there  is  a  pair  o(  It 
like  upper  incisors,  and  either  five  or  »ix  cheek-teeth  in  each  f 
small  na&aU  arc  present  in  at  least  some  of  the  specks ;  the  | 
maxillx  and  mandibular  symphysis  are  bent  dotmwards;  there  i 
descending  plate  at  the  angle  of  the  mandible ;  and  a  small  toiJ 
ossification  represents  the  femur.  The  molars  (6g.  ii8j)haK 
pattern  on  their  giinding  suifaoe  resembling  that  of  Hi^tpt^ 


<^ 


f%^ 


■St.— Skdctcpn  or  flalUMtrimm  Stih—ii  tnrn  ihc  Lwnr  UiuoM  of  Ha 


This  genus  ranges  from  the  I^wer  Miocene  (Middle  Ot%ao( 
to  the  l^wcr  Pliocene  of  Europe ;  and  remains  oi  ff.  SA 
(fig.  1 1  &4)  are  especially  abundant  in  the  loiwer  Miocote  fl 
of  ccrlnin  distrias  of  Hessen  -  Dartnsudt.  Promstemin^  6 
Tertiary  siraia  in  the  West  Indies,  is  a  generalijied  form  appiici 

'  In  ihii  ligure  ihe  deflectioa  of  the  pmaxillw  n  oaiiHd, 
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Hafiiherinm,  but  with  a  fuller  dcntilion,  and  without  the 
ileBection  of  the  extremities  of  the  jaws.     The  dentition 

\  -,  Pm.-^M.  —^  ;  the  uppci  incisors  are  not  lusk-llke: 
I  7  or  8'  '*^  ' 

cheek'ieeth  have  simple  transverec  ridg«s  somewhat  like 

the  UngoUte  (genera  Dinotkeriuin  and  Lhtrifidon.  Kg- 
is  de6nitclj  known  by  a  o)»t  of  the  brain-cavity  from  the 
if  Egypt,  but  tftth  from  the  same  deposits  described  under 

of  Manahis  may  perhaps  belong  to  il ;  its  afFiniti«  cannot 
fopcrly  ilciemiined.  Probably  allied  to  Hn/itftenum  is 
riuut  from  the  Flioccnc  of  Itclgium  ;  while  Diophtfarittm 

Miocene  of  South  (Carolina  is  regarded  as  intermediate 
Halkert  and  Halilktrium. 

t  RhiiTINID.*. — The  Rkytinidce  are  known  only  by  the 
ytina  ffgas,  or  Steller's  SeaCow,  which  was  fornierly  very 

on  Behring  and  Copper  I*.l;inds  in  the  North  Pacific, 
nmonly  supposed  to  have  been  exterminated  about  1768, 

a  few  individuals  may  have  lingered  on  to  a  confticlerably 
■-  The  Rh)tina  attained  a  length  of  from  ao  to  35  feet, 
laracteriscd  by  the  entire  absence  of  teeth,  their  function 
»p(ied  by  homy  plates  (cornulcs)  on  the  palate.  'I'hc  head 
nail  in  proportion  to  the  length  of  the  body ;  and  has  the 
R  and  mandibular  s^-mphysis  moderately  deflected.     The 

naked,  and  covered  with  a  rugged  cpidemiis  resembling 

of  a  tree.     Nearly  entire  skeletons  have  been  obtained 

peat  of  Behring  Island. 

V  Man.\T)d*,. — In  AfaHtitus,  the  only  known  representative 
bily,  the  prcmaxilla:  and  mandibular  symphysis  (flg.  1 1 82,  n) 
fcflected,  and  there  are  no  functional  incisors.  The  cervical 
»rc  reduced  to  six  ;  the  cheek-lccth,  which  are  coated  with 
jid  carry  two  transverse  ri<Iges,  may  be  as  many  as  eleven 
aw,  although  it  is  seldom  that  more  than  six  arc  present 
ne  time.  The  Manatees  ate  inhabitanu  of  the  mouths 
tries  of  the  great  rivers  discharging  into  the  two  sides  of 
Kic  No  fossil  forms  are  known  which  can  be  referred 
ainty  to  this  family,  aJthough  the  type  generic  name  has 
lied  to  certain  teeth  from  the  Eocene  of  Egypt  already 

d. 

mians  of  uncertain  affinity  may  be  mentioned  Chrprrozcum 
later  Tertiary  of  New  South  Wales ;  JlemUaufodon  from 
M  of  Shark  River ;  Paehynfanihui  from  the  Miocene  of 
and  Troihytfurium  (with  which  Khytiodus  may  perhaps  be 
&om  that  of  FraiKc 
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CHAPTER    LXI. 

CLASS   MAMMALIA— contituied. 

Order  Ungulata. 

Order  VI.  Ungulata. — The  Ungulata,  or  Hoofed  Mammal^  ( 
stitute  the  largest  and  one  of  the  most  important  orders  into  «t 
the  class  is  divided  \  all  the  included  groups  being  so  coniM 
together  as  to  preclude  their  division  into  well-defined  «]M 
orders.  This  order  comprises  at  least  seven  suboiden,  of  ^ 
three  are  totally  extinct,  while  all  the  others,  with  the  exceptiia 
the  Hyracoidea,  have  lost  a  large  number  of  family  types  at  I 
present  day.  The  two  first  suborders — Artiodactyla  and  Poi" 
dactyla — present  several  features  in  common,  and  are  acconJini 
brigaded  together  by  some  authorities  under  the  names  of  Ungul 
Vera,  Clinodactyla,  or  Diplarthra ;  while  all  the  others  are  iodu 
in  a  second  division  under  the  name  of  Subungulata. 

All  the  members  of  thb  order  are  adapted  for  a  terrestnal 
and  in  the  main  for  a  vegetable  diet,  although  a  few  are  mo' 
less  omnivorous.  Their  dentition  is  heterodont  and  dij^y 
and  the  milk-set  is  well  developed,  and  not  changed  till  la 
life ;  and  in  the  Fenssodactyla  alone  among  Mammals  do  W 
certain  instances  where  the  whole  four  premolars  are  precede 
milk-teeth.  The  cheek-teeth  of  the  more  typical  forms  have  t 
crowns,  with  either  tuberculated  or  ridged  surfaces ;  and  thar  cr 
are  very  frequently  interpenetrated  by  deep  folds  of  enamel,  » 
produce  a  complicated  pattern  on  their  worn  sur&ces.  Exce 
lypoiherium,  clavicles  are  always  wanting.  The  toes,  with  th 
ception  of  Chalico/herium,  are  provided  either  with  blunt,  \ 
nails,  or  with  hoofs  more  or  less  completely  encasing  the  ten 
phalangeals.  The  feet  of  existing  types  are  digitigrade,  and 
number  of  the  toes  varies  from  five  to  one.  In  all  existing  I 
the  humerus  has  no  entepicondylar  foramen.     The  scaphoid 
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of  the  carpu3  are  always  distinct ;  but  the  radius  and 
nniie. 

great  majority  of  instances  the  cheek-teeth  are  tooted,  and 
Artiodactyla,  I'erissodactyla,  and  IVuliosctdca,  wliich 
most  specialised  members  of  the  order,  a  gradual  in- 
Ae  height  of  the  crowns  of  tlicsc  tuLth  may  be  tracird 
geaenliscd  to  the  specialised  genera.  Those  teeth  in 
cromis  are  low-,  and  ihcir  whole  structure  is  visible  from 
,ng  surface,  being  known  as  ^fKif-A^rfow/ (compare  fig.  t  tgs); 
with  high  crowns,  in  which  the  bases  of  the  enainel-folda 
ible  from  the  grinding  surface,  are  termed  Ayfsi^d-ynl  (fig. 
The  change  from  a  brachydont  to  a  hypsodoni  di-niiiion 
panicd  by  the  production  of  a  nearly  flat  and  horizontal 
surface  in  the  cheek-teeth,  in  place  of  a  more  or  less 
ridged  one  j  the  itiore  specialisi-d  type  ht-ing  adapted  for  a 
grindiag  action  of  the  upper  againnt  the  lower  teeth,  while 
nofc  generalised  type  the  action  is  to  a  gri;at  extent  a  snap- 
Examples  of  the  former  type  arc  shown  hy  ihc  Horse 
and  of  the  latter  by  the  Pig  and  Hyiax.  Hypsodoiitism 
confined  to  this  order,  aa  will  be  noticed  in  the  nequel. 
e  remarks  on  the  probable  origin  of  the  order  are  made 
isMkr  the  head  of  the  Condylarthia.  In  the  specialised 
tkne  is  rer)-  often  a  tendency  to  a  suppression  of  the  anterior 
acre  especially  in  the  lower  jaw, 
DKtt  I.  Aktiodactvla.  —  This  and  ihc  next  sulxtrder 
eertoJn  structural  modifications  of  the  extremities,  by  which 
distinguished  from  the  remaining  five  suborders,  and  on 

r^uxount,  u  already  mentioned,  they  are  grouped  together  by 
miiers  under  the  name  of  Ungulata  Vera,  or  l)iplanhr.-i. 
^tbe  feet  are  n«ver  plantigrade,  and  the  number  of  functional 
'"fccs  not  exceed  four.  In  the  carpus  (fig.  1 185)  the  scaphoid 
Poptwl  by  and  largely  articulates  with  the  magnum  ;  while  the 
('Ogethd  with  tbe  unciform)  supports  the  IuiilU-,  and  lia:*  no 
tion  with  the  cuneiform.  In  the  Uirsus  the  cuboid  extends 
*y  to  articuble  with  the  astragalus,  which  is  deeply  grooved 
>  3S6|.  All  the  component  bones  of  both  the  carpus  and 
'trongly  interlock,  which  makes  the  slnjcturc  of  these  joints 
onijilex  than  in  the  other  suborders.  Finally,  the  jugal  forms 
'  pan  of  ihc  zygomatic  arch  (tig.  1187),  and  the  brain  is 
ly  brge  size  and  complex  structure, 
(oborder,  so  far  as  at  present  known,  is  dtstingubhcd 
PerisKMJiactyla  by  the  disl.il  surface  of  the  astragnlus  (fig. 
**iag  (inglymoid,  by  the  third  and  fourth  digits  (lig.  1 185) 
'Qua]  in  size,  and  arranged  symmetrically  on  either  side  of 
"^wn  between  them ;  by  the  absence  of  a  third  Irocbantct 
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to  the  femur ;  and  by  the  articulation  of  the  fibtda  with  dK 
caneum.     In  all  existing  fonns  the  number  of  the  dorsofa 


Fig.  iifis-— L«ft  in«nmof  (ijPigWiii),  (i)Wfo™>K*iu,  (3)  Cb«Toi»in  lTrm£almii 
buck  {.Cafrralufi,  (5)  Sheep  (Oeii),  and  {6>  Cmnel  (Cniwi/iii).  In  the  tmat.  tl»  tatUi 
ihe  upper  tow  ij  the  lunar,  Ihe  left  the  scaphaid,  uid  the  right  Ih*  cnneilonn  :  in  ibe  K 
Ihe  lefi  bone  is  the  munum,  and  the  liiihi  Ih*  UDaTona.     Reduced.     (After  D» 

Oakley.) 

vertebrae  is  nineteen ;  and  the  nasals  are  not  expanded  post4 
In  the  dentition  the  first  tooth  of  the  cheek  series  never 
deciduous  predecessor.     The  upper  premolars  are  vei;  gei 
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[)(e  in  siruciure  than  the  true  molars  ;  while  the  last  lower 
nearly  always  has  a  third  lahc,  the  same  feature  being 
tin  the  last  lower  tooth  of  the  milk  scries. 

Pecon  the  pclris  (fig.  it2&iis)  is  characterised  by  the 
of  the  ilia,  which  are  not  much  expanded ;  but  in  the 
ramus  these  bones  arc  shoncr  and  more  expanded,  and  thus 
me  to  those  of  the  Perissodaclyla.     The  symphysis  of  the 
pubes  ia  much  elongated. 
molars   in    llie  upper  jaw 
four  or  five  main  columns ; 
specialised  Turms  such  as 

(figs.  1194,  1195)1  ^^^^ 
'  in  both  uf^cr  and  lowvi 
tarn  low  subconica!  tubercles.       M  j    -  ■ 

le  dentition  is  termed  dutii>  {  \._  J|y{J 
at  in  others,  such  as  Kporco 
F  isoi)  and  the  Ruminants 
e).  the  outer  pair  of  cuiumns 
I  tran»ven«l)'  flattened,  and 
tr  pair  crescent-sbapcdr  and 
^tion  is  then  termed  itUno- 
tl  tbc  lower  molars  of  the 
W  of  dentition  it  is  the  inner 
'  that  become  flattened,  white 
$r   ones    a.'isumc    a    crescent 

■There  is,  however,  a  complete  passage  from  the  one  type 
Kher  ;  the  mo&t  specialised  form^  with  a  hypso-aelcnodont 
i  being  of  comparatively  recent  origin.  The  existing  niem- 
[this  suborder  are  divided  into  the  sections  Suina  (I'i^ 
tpopotamu!;),  Tylopoda  (Camels),  Tragulina  (Chevrotains), 
pra  (tyirical  Ruminants) ;  but  since  such  divisions  will  not 
Del  for  the  fossil  fonns,  it  will  be  convenient  merely  to 
[k  suborder  into  families. 

Mild,  moreover,  be  observed  that  it  is  by  no  means  certain 
Ihe  above-mentioned  characters  will  apply  to  some  of  the 
iwn  earlier  members  of  the  suborder,  since  some  of  these 
I  in  the  AnaphtHeriida  preaeiU  certain  remote  indicattonb  of 
fith  the  Perissodaayla. 

tdvancc  from  a  bunodunt  to  a  hyp^^u-aclcnudont  dentition  is 
Uiird  m  this  suborder  by  a  tendency  in  ttiesecutid  and  third 
pals  to  coalesce  into  a  cannon-ione,  and  also  by  a  change  in 
\oi  the  odontoid  process  of  the  axis  venebra  from  a  pcy-tike 
Id  to  a  spoul-bkc  demicylinder.  1'hc  earliest  form  which 
I  referred  to  ibis  suborder  is  the  small  Pantalestes,  from  the 
EocCDe  of  the  United  States.    Thii  gcnui  U  still  very  impcr- 
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fectly  known ;  but  Professor  Cope,  who  makes  it  the 
linci  fAniily,  »iaies  thai  il  has  tritubcrcular  upper  moli 
digits  in  the  pes,  and  lookx  upon  it  as  the  ancestn] 
Camels.     Or  Schlosscr  b,  howct-er,  not  satisfied  that  ihe^ 


'J. 


F1(.  118;.— LcAaipcctcf  tbc  Hlp[«pouunii>Ctf.HimtlMta4    MaA  i 


(ItoG 


really  irituberciilar,  and  KUggcsts  that  it  may  indicate  a  ' 
type  liClwccn  the  Artigdnctyla  and  the  Condylailhra. 

Tawilv  Hii'POi^^'rAMiD*. — This  family  contains  the  fiogle' 
W'orld  genus  JJifijx^potamut,  now  represented   by  two  sjxoa  i 


II. 


V. 


III. 


V. 


FIi<  iiM.— Left  waniu  af  tUft^Mtiunmt 


Tig.  lib.  — LcA  upHr  m 
■Mbf  of  Hifftftfmnt  mmflf 
Htu.    Two-Ouijh  mhmI  itab 


bulky  animals,  whioh  spend  a  lai^  proportion  of  thttt  titne  In  tl 
tvatLTs  of  lakes  and  rivers.  In  the  skull  (lig.  1 187)  the  angle  of  ll 
insjidiblc  has  a  descending  flange ;  the  facial  portion  is  mudt  do 
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the  orbits  are  tuljuhr  and  very  prominent.     The  dental 

■^    7^.  C-  '.  ■'*«•  -y  -^  -•     The  cheek-lccth  arc 

in  structure ;  the  tnic  molars  (fig.  1  1 89)  having  four 
[which  [ircwnt  trefoil-shaped  dentine  surfaces  when  wom ; 
biars  arc  simpler.  The  upper  incisors  arc  short  and  ver- 
li  1S7),  but  those  of  the  lower  jaw  arc  pTocumbcni,  and 
tfry  ixpge  (fig.  itgi)-  The  carineii  of  the  upper  jaw  are 
pwards  like  those  of  pig:^  while  ihc  lower  onts  nre  of 
I  siw,  and  have  their  extremities  obliquely  worn  to  a  cutting- 


-Ulff*^mmta  itr^tmtii:  from  Ax.  Pliocene  of  I  Ik  S;*a!il  Killi.     a,  P»l3i.-il 
1;  #,  TliM  rlipil  upper  Inic  [niil.u:  t,  Syin[itiy»i*o(maniji>l<.     Kcducnl. 

biting  against  the  outer  surfaces  of  those  of  the  upper  jaw, 
((fig.  1 188)  are  short  and  massive,  and  furnished  with  four 
ivhich  the  terminal  phalangeals  bear  nail-like  hoofs.  The 
icarly  naked  and  or  great  thicknesit;  while  the  ears  and 
frciy  small,  and  the  tail  is  short. 

.more  Rcneralised  forms  like  H.  iivaUmis  (fijf.  iw),  of  the 
pf  ih«  Siwalik  Hills  of  India,  there  are  three  pairs  of  indson  in 
■|  all  of  trhirh  are  of  subcqual  sije.  This  hcx.-iprolDclont  LTOup 
Med  in  the  I'liocene  of  Burma  by  H.  {r4t^'.iliciti,  and  in  that  of 
ff.  boHaritntii ;  while  il«  laie«t  member  i^  //.  mtmaiUctn,  of 
ceae  ot  the  Narbad*  Vgtlley,  in  India.     In  the  latter  deposits 
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also  occurs  H,  patainiiicvst  in  which  the  second  .town  i"*"* 
minute,  and  perhaps  di%;tppe»r(  in  the  aduh  :  while  in  die  cd 
amp/iibtHS  of  Africa,  which  is  found  fossil  in  Europe  fron  tb 
Pliocene-  of  Ihc  V;il  trAmo  lo  the  laic  Pleistocene,  there  Be 
psirsof  incisiiri  in  eiich  jaw,  the  innennnst  piiir  in  the  loudS 
of  enonnous  dimensions  (tii'.  iigij.  li  i«  evident  from  the 
prevailing  in  H-  palirinilkut  that  it  xt.  the  second  pair  of  iadi 
IS  missing  in  the  existing  vjieiie.'i.  Allied  to.  but  smaller  thia  ' 
are  H.  Pmilandi  and  H.  miniifus,  whose  remainB  »re  found  in 
quantities  in  the  cave*  of  Italy  and  the  Mediterranean  iitandu 


in  the  small  H.  lihtrietisii,  now  living  in  West  Africa,  the  a 
lower  incisors  is'  reduced  to  a  single  pair.  The  resembUnce  d| 
dible  of  Hippopfilamits  to  that  of  inc  Aalhraeothtriida  sua 
both  are  di^ni-cd  from  a  common  ancestor.  | 

Family  Suio^e. — ^This  family  may  be  taken  to  inclodej 
existing  Dkotylidit  and  PhacsciueriJa  and  ihc  extinct  iJitrk 
since  foti&il  fortns  indicate  a  close  connection  between  all  ihq 
The  chcclc-tocth  arc  typically  bunodonl  and  brachydunl.  d 
inie  molars  carrying  four  main  columns,  which  may  be  eitM 
(fig.  1 195)  or  of  extreme  complexity  (Hipfxikyusy,  but  whicj 
w«nr  into  distinct  trefotk  Their  outer  and  inner  colutf 
however,  coalesce  into  transverse  ndt(e&  (6g.  1193).  "4 
(fig.  1 193)  has  a  more  or  less  elevated  supraoccipiial  n*^ 
which  the  profile  slopes  away  to  the  muulc,  the  naisal* 
qucntly  much  elongated ;  while  the  mandible  has  tw 
flange  at  the  angle.  The  amines  arc  frequently  targe  ftodj 
(fig.  1 192),  the  superior  ones  being  curved  upwards,  and  I 
ones  biting  against  a  facet  on  the  outer  surface  of  the  uf 
but  in  many  of  the  earlier  forms,  at>d  in  the  recent  Fc 


int  of  Ihete  teeth  «  much  less  marked.     The  digits  arc 
IT  in  number,  Ijui  in  the  existing  formic  (%.  11^5)  only 


ddlc  ones  touch  the  ground.  The  denial  formula  h  vcry 
M  typical  one. 

jict  genus  Listriodon  ciifTera  from  all  the  other  members 
lily  in  that  the  true  molars  (fig.  1193)  carry  a  pair  of 
Sftnc  ridges.     The  dental  formula  is 

■fliK.  -,  Af.  -  i  the  canines  form  large 

bust  upper  premolar  is  simpler  than 
Dlars;  and  the  anterior  premolars  arc 
'idc.  The  skull  is  es^ciilially  that  of 
Lemains  of  Usirittdon  occur  in  ihc 
(ooenc  of  the  Continent  {where  ihey 
descrilicd  under  the  names  of  LaphiO' 

Tapirothtrium),  and  also  in  the  Plio- 
,iks  of  the  Punjab  and  Sind.  The 
tent  the  same  relation  to  thoie  of  Sut 

by  the  molars  of  DiaolktrtHm  to  those  of  mail/  species 

this  abeirant  type,  we  may  turn  to  the  typical  genus  Sus, 

he  normal  dental  formula  is  /.  -,   C.  -,   Pm.  -.  Sf.  **, 

3  14  3 
le  first  premolar  is  absent  in  some  fossil  species,  and  also 
ican  Petamotheerus,  which  cannot  be  palxontologically 
The  canines  ate  developed  into  tustks  (fig,  119a), 
bey  are  small  in  the  earlier  species.  The  crowns  of 
true  molars  are  oblong,  and  both  the  upper  and  lower 
aobn  (tig.   1 194)  have  a  third  lobe,  although  its  degree 

a  s 


til-     .  r^j.  -    Ihc    ..t- 

dihI  Icf<  iipt"  inj«  mo- 

\m.i  of  Luirt^tn  t^if^t- 
diHi ;  tiom  tht  Middle 
Mlftcenu  of  Friin-*.- 
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of  development  varies  greatly ;  and  these  teeth  do  not  cooi 
use  until  the  first  molar  has  been  well  worn.  The  anteiia 
molars  are  compressed,  and  there  is  no  diastema  between  di 

and  the  second.  The 
premolars  are  simplei  th 
true  molars,  and  there  i 
siderable  difference  in  lb 
ber  of  accessOTy  tubeic 
veloped  in  the  latter; 
species  in  which  these  ai 

Fig.  MJ4.— The  third  right  lower  init  molir      numCTOUS    shoWine  a  IDO 
of  Sut  cntlatut  i  India,    a,  d.  Middle  ctJumiw         ,  °         , 

of  talon.  plex     pattern     on     the 

crowns.     The  molars  ( 
of  the  earlier  forms  approximate  to  those  of  Hyotherium. 

The  species  with  the  most  complicated  molar  structure  are  .S.  j 
of  the  Pliocene  of  the  Siwalik  Hills,  S.phacocharoidei  of  the  PI 
Algeria,  .S*.  kamuliefisis  of  the  Pleistocene  caves  of  Madras, 
living  Indian  S.  cristatus  (fig.  1194),  which  is  also  found  foK 
same  caves  ;  the  last  lower  true  molar  of  the  first-named  specie 
a  decided  approach  to  that  of  Pkacockarus.  In  the  Europe 
boar,  which  is  found  fossil  as  low  down  as  the  Norfolk  Forest 
hind  lobe  of  the  last  molar  is  of  moderate  complexity.  S.  fila 
giganUus  of  the  Siwalik  Hills  of  India,  together  with  S.  am 
eryiiiiintkius,  and  5,  major  of  the  Lower  Pliocene  of  Europe, 
species  with  comparatively  simple  molars ;  the  first  being  ih 
known  species,  and  fully  equal  in  size  to  a  Tapir.  S.  kysutiric 
Siwalik  Hills,  ^.  palaociusrus  of  the  Lower  Pliocene  of  Eppelsl 
.S",  cka'roides,  which  has  been  recorded  from  France  and  ih' 
Miocene  of  Tuscany,  arc  small  species  with  simple  molars  lik( 
the  living  5.  andamaneiisis,  to  which  they  may  be  allied.  .S.  ar 
of  the  Upper  Pliocene  of  France  is  closely  related  to  the  living  .■ 
[Potiimocna'rus)  a/ricanus ;  while  in  the  smalt  .S",  punjabUns. 
Pliocene  of  north-western  India  we  probably  have  the  direct  ai 
the  Pijjniy-hog  [S.  sah-anius)  of  the  terai-lands  of  Nipal.  No 
tatives  of  the  genus  occur  in  America  ;  and  S.  c/ueroiaes  seems 
earliest  species. 

Here    it   will    be   convenient   to    notice  the   African   V 
{Phacockcerui)  which  appear  to  be  related  to  some  of  the  sp 

fossil  species  oi  Sus.      The  dental  formula  is  /  , ,  C  - 

(2-3)        > 

M-  -1  but  the  whole  of  the  teeth  with  the  exception  of  the 

o 
and  the  last  true  molars  may  be  lost  in  the  adult,  thus  pres 

very  remarkable  instance  of  extreme  specialisation.  The 
molar  is  a  very  peculiar  tooth,  consisting  of  a  great  numbe 
agglomerated  columns,  or  denticules ;  but  a  marked  app 
this  structure  is  presented  in  some  of  the  species  of  Bus  I 
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01.  I. 


m.  z. 


OT.  3- 


Fic.  Ilos.— The  [f/l  upper  inx  moliii*  of  Iffvlkt- 
hium  firimtitu  :  (mm  ()>«  flioecne  aS  India. 


of  Algeria  and  India.     Remains  of  Pkaeofkarnt  occur  in 
deposits  in  Africa.     Tile  last  niwlar  of  this  gt-nus  com- 
I  with  that  of  Jfyotfurtum  pretient!;  a  tliflVrence  analogous  to 
twccn  ihe  cOfTc»[>unding  tctth  of  Maslodon  and  ihc  Mam- 
may  DOW  revert   lo  Uic  consideration   of  more   generalised 
The  most  importanl  is  Hyatherium  (in  which  may  l)e  included 
ttrus  and   Chtxromorui)  which  presents  chiiratttra  tonnect- 
with  Dieotylet,  Sus,  and   Chirropolamus,  and  may  have  been 

tor  of  Ihc  first 
r  these  genera.  The 
tnie  molars  {fig. 
have  low,  .square 
with  a  rudimeninr)- 
I  column,  which  b  fully 
>ped  in  Cfutr»pola- 
and  the  last  true 
comes  into  use  be- 
the  first  is  worn.  In 
ft  third  upper  true  mutar 
brc  is  no  third  lobe,  and 
k  lobe  is  small  in  the 

Responding  lower  tooth  ;  while  ocrasionilly  the  la?l  upper  prc- 
olar  has  only  a  single  outer  column,  as  in  CharofoUimui.  The 
AiiHs  axe  scarcely  Larger  than  the  incisors ;  are  oval  in  sectiur, 
>d  the  lower  one  i«  not  received  into  a  notch  in  the  upper  jaw. 
i)e  Utend  melapodials  are  stouter  than  in  modern  pigs.  In  Europe 
to  genus  ranges  from  the  Querc}-  Thosphorites  to  the  Middle 
!)occne  of  the  Continent;  while  in  India  it  occurs  in  Che  Lower 
nnliks  of  Sind,  and  also  in  Pcrim  Island  (fig.  1 195) ;  the  .Xmcrican 
niks  which  have  been  referred  to  this  genus  ate  regarded  by  I'ro- 
nor  Cope  as  d).stinci.  Hippokyus,  of  the  Indian  Sinaliks,  ap|>cars 
I  be  an  alhed  but  specialised  form,  in  which  the  crowns  of  the 
olars  arc  much  ullcr,  and  have  lateral  infoldings  of  the  enamel, 
bffetiy  an  extremely  complex  pattern  is  |>roduced  on  their  worn 
ifbces.  SaniiAerium  of  the  Siwnliks  must  be  placed  with  this, 
mup;  while  Dnlitxherrut  of  the  Quercy  Phosphorite*  is  apparently 
lied  to  Hyttheriitm,  although  lI  may  also  have  alhnity  with  Ceho- 
tmri:     The  genus  Babiruia,  of  Celebes,  is  unknown  in  a  fossil 

In  ibe  John  Day  Miocene  of  the  United  States  there  occur  pig- 
kc  animals  apparently  connecting  Ilyoihcrium  n-ith  the  existing 
tccaries,  most  of  which  may  l>c  included  in  the  genus  Chatwhyut. 
Tlese  forms  agree  witli  iiyolktrium  in  having  the  fourth  upper  pre- 
firapter  than  the  true  molars,  but  have  [he  lower  canine  with 
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a  triangular  section,  and  received  into  a  notch  in  the  \tppa  ji 
in  the  Peccaries.     The  typical  forms  have  only  three  ptmolan^t 
in  others,  which  it  has  been  proposed  to  separate 
Bothrolabis,  there  are  four  of  these  teeth.     Allied,  or  piob^il 
tical  forms  have  been  described  as  Thinakyus  and  PerdmrOti 
former  having  four  premolars.     The  existing  South  Amerioii  | 
DieotyUi  includes  the  well-known  Peccaries,  and  has  the 

formula  /.  -,  C.  -,  Pm.  ^  M.  ^.      The  structure  of  the 

31  3         3 

canines  has  been  already  mentioned  ;  the  last  upper  pranobi  I 
four  columns  like  the  true  molars  (fig.  1 1 96) ;  while  the  third  1 


Fig.  1 194. —Grind  ing  lurfacc  orihe  riKht  upper  check-iccth  of*  Paccuy  (Zhiwffifa 
laiiaitu).    (ATter  Giebel.) 

true  molar,  which  comes  into  use  before  the  first  is  worn,  hai  1 
distinct  third  lobe.  In  the  pes  the  phalangeals  of  the  fifth  digit  I 
aborted.  Remains  of  two  existing  and  one  much  laiger  extii 
species  of  this  specialised  genus  are  found  in  the  Pleistocerw  ( 
posits  of  the  Brazilian  caves ;  while  lai^  Peccaries  also  occur 
the  Pliocene  of  the  United  States  and  the  Pleistocene  of  Men 
which  have  been  described  as  Plaiygonus,  but  may  be  includ 
in  the  tj-pe  genus,  although  they  have  rather  simpler  premolars. 

Family  Chceropotamid*. — The  true  molars  of  this  extii 
family  are  intermediate  in  structure  between  those  of  the  SnUa  a 
Anthracoikeriida ;  having  in  the  upper  jaw  very  broad  and  shi 
crowns,  which  carry  five  columns  arranged  as  in  the  latter  fami 
The  premolars,  although  somewhat  compressed,  are  not  secant,  a: 
may  be  of  very  large  size.  In  the  two  best  known  European  ge« 
there  is  a  diastema  between  the  first  and  second  upper  premoU 
I'he  mandible  has  no  descending  flange  at  the  angle. 

One  of  the  most  pig-like  members  of  this  family  is  the  gen 
C€boch<Erus,  comprising  animals  of  the  size  of  Hyothtrium,  whi 
have  been  considered  by  some  as  allied  to  the  Lemuridtr,  althoi^ 
there  is  little  doubt  that  their  true  relationships  are  with  the  prese 
group.  I'hey  apparently  possessed  the  full  typical  number  of  ted 
which  (especially  in  the  lower  jaw)  present  a  great  resemblance 
those  of  Ifyotherium  ;  and  it  is  highly  probable  that  they  are  ckwf 
related  to  the  ancestor  of  that  genus.  Cebochtems  is  represented  \ 
several  species  in  the  Upper  Eocene  of  France ;  but  the  form  i 
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0  the  Mktdlc  Miocene  of  Bavaria  may  l>c  gcncrically  dis- 
«d  to  this  genu)!  arc  Uemickarus  of  th(;  Quercy  Fhos- 
id  Ltptcihanis  of  the  North  American  Miocene,  in  which 
lars  have  a  v«)'  simple  siructure.     All  ihese  forms,  to- 

.  ihc  foUowijig  gen\J»,  are  placed  by  some  wtilers  with  the 
he  ij-pe  genus  Charoj>ofamus  orcurs  in  the  Upjier  Eocene 
and  Englind,  and  had  bten  erroneously  stated  al&o  to 
e  Mioceoe  of  Bavaria.  The  upper  irue  molars  resemble 
rtain  species  tA  Anthracetkerivm,  but  have  shorter  crowns, 
approach  10  a  sclcnodont  stniaure.  There  is  a  third 
te  last   lower   true   molar,  and    the  dental    formula  n 

J*m,  -.  M.  -.     The  feet  are  unknown,  but  it  is  probable 

3  3 

wwe  furnished  wiih  four  digits.     The  typi.'  species  C. 

1  the  Paris  gypsiim,  u-as  an  animal  of  the  size  of  a  lar^e 
is  probable  ihat  this  genus  is  a  survivor  of  a  form  which 

ximon  ancestor  of  both  the  Suidu  and  the  AnthriKoihe- 
vtktriym,  which  has  been  also  described  under  the  names 
'«,  Ar{JurfftAtrium^  OltinotAtrium,  and  Pelvnax,  is  a  larger 
in  many  dental  characters  :o  Ckttr&f^tamus ;  ar>d  is  one 
'  few  members  of  this  suborder  in  which  the  last  lower 
has  no  third  lobe.  The  premolars  are  relatively  large 
;  the  canines  recall  those  of  some  of  the  Camivora;  and 
•nal  digits  of  the  feet  arc  reduced  to  two.  The  tienlal 
the  typkal  one ;  and  the  genus  is  placed  by  some  writers 
tthriuotkeriida.  Its  remains  arc  found  in  the  Upper 
osphorites  of  Quercy,  in  the  Lower  Miocene  of  Ronzon, 
and  of  Hemp»tead  in  the  I:de  of  Wight,  and  also  in  the 
)f  North  .\mericn.  Apparently  allied  to  this  genus  is 
on  of  the  Pliocene  of  the  Indian  Siwalik  Hilb.  in  which 
rer  molar  haK  a  third  lobe,  and  the  conienl  premobn;  are 
tia  siie.  In  this  nei(;hbourhood  must  probably  also  be 
!  remarkable  North  .American  Eocene  genus  Aehatwdon 
dcntical  with  Pamhyut)  which  has,  however,  been  con- 
ProfiKsor  Cope  as  allied  to  the  Leinuruiden  and  Insccti- 
e  strtictarc  of  the  teeth  is  like  that  obtaining  in  the  pre- 
;  and  the  last  lower  molai  has  a  third  lobe,  but  the  linit 
B  wanting  in  both  jaw&  1'hc  fJiull  presents,  however, 
nivorous  features,  and  it  is  possible  that  this  genus  should 
placed  among  [he  bunodont  Condylartlua  in  the  ncigh- 
cX  Ptrtfityihus.  The  resemblance  presented  by  the  teeth 
^to  those  >>{ Elvtherium  and  AthatioJi^n  is,  indeed,  so  r<- 
iPio  suggest  th:it  thusc  two  genera  may  be  descendant*; 
iJtnown  member  of  the  Condyiorthra  verj-  closely  allied  to 
ythida. 


[AM  M  ALIA. 

?'amilv  AKTHKACOTHERttD^ — In  thii  Eamtlf  the  dentil 

is,  with  one  exception,  /.  ',  C.    ,  Pm.    ,  ^f.  ^  \  the 
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molars  ^fig.  1199)  hnve  broad,  low  crowns,  ^Sth  five  oolunm,! 
of  which  arc  situated  on  the  anterior  and  two  on  tbc  postcriarl 
the  columns  in  hoth  upper  and  lower  mobrs  ha%-e  a  morel 
di.stinclly  »ek-nodont  structure ;  uid  tbc  nutidible  hu  x 
ing  flange  ai  the  angle.      'Itie  Anthncolheres  were 
appearance  eomew-hat  tietwccn  a   Pig  arul  a  Hi( 
doubtless  dwell  in  •iwamps  and  man^heii.     In  the 
Ihracothtrium  (fig.  119;)  the   selenodont  structure 
le»  marked  than  in  the  next  genus,  with  vhich  it 
four  digits  lo  each  foot 


The  species  which  approaches  rcaresl  lo  C^trrof^'lumui  ia 
of  its  molars  is  ihe  tniall  A.  tilittremt  t>\  the  lower  ^  -    "^ 
but  the  itill  smaller  A.  Crettiyi  [tig.  119?)  from  ih'.  -H 

Swi  tier  land  and  Hampihiretajfrces  vtth  thai  );cnua  iit  : „  .  i 


dcaiiiieiii  (tvniilK  U^ipcr  Botaot  of  Hai4mll,  Hjm^iliit*, 


I  between  the  lirsi  and  second  upper  prcmolani,  and  in  tbc  *l^|^| 
first  lower  premolar.  In  most  of  ihc  other  species  all  thecheomH 
in  contact.  This  genus  commenced  in  the  Middle  Eocene  o(  Pn 
ii)  Diitmatix,  where  it  is  represented  by  A.  itnlmatinufH,  which  hv 
ide  Ihe  type  of  ihc  xenm  PrtnaimUkerium ;  it  wa»  abundant 

'Qucrcy  PhotplmriieN  and  Lower  Miocene  oi  Eurujie,  where  il  tr 
prescmed  l)y  species  like  A.  magnum,  A.  iiildmu  of  Lauiannr. » 
i/fyrinitu  of  Tuscany,  which  aitamed  ihc  siie  of  a  Khinocerm.    ' 

vKprMentcd  in  the  Middle  Miocene  of  France  by  A.  Cirfitri.  aftl 

^il  died  out  in  P.umpe,  alihou^ih  it  sunived  in  India  till  the  I'f, 
cenc,  where  it  \^  Icnoun  by  the  lar^c  A.  hyoptiiamfidt%  and  the \ 
tilislrmu.     It  \i  unknown  in  .\incnca. 
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enus  Hysptlamus  generally  has  a  more  completely  scleno- 

ptition  than  AntArawiAerium,  but  in  some  sptcies  (fig.  1 19S) 

tets  axe  less  marited,  and  thus  indicate  a  complete 

between  the  tvro  genera.     In  those  species  (fig.   1199) 

ive  the  most  perfectly  selenodont  dentition  the  columns  of 


■:^y 


ii-yl 


.  MfS.— Th(  ihiRi  l*fi  unitrinw 


Fig.    **M  **Tlt*   ikuJ   n^hc 
upprr  tnw  moki  nf  HjvftUimui 

i,i-i'aiu,     \jl,»tt  MifiCtfU.  Ill*  tt 
Vi-lghi. 


i  molats  are  taller  than  in  the  others.  The  first  upper  pre- 
k  separated  by  an  interval  boih  from  the  canine  and  the 
tpnsiitobr.  This  genus  apparently  commenced  in  the  Upper 
jif  Europe,  and  is  especially  duiracteristir  of  ihe  Hempstead 
I  the  Isle  of  H'ight,  and  of  the  Ronion  beds  of  I-'rance,  where 
firesented  by  the  large  ff.  havinus  (fig.  1 1 99).  H.  vr/aunui, 
t  brachydont  J/,  /ora'nus.  In  India  It  survived  till  the 
llioccne,  where  it  i.s  represented  by  two  species,  one  of 
]6g.  1 198)  iii  the  largest  known  form  ;  it 
Curs  in  the  Miocene  of  North  Anicrica. 
hme  Uifi/afius  has  been  applied  10 
j  from  the  Upper  Eocene  of  Hiinip- 
(ith  only  two  tjigits  to  each  foot,  which 

r  referred  to  this  family;  since,  how- 
dentition  is  unknown  this  determinn- 
only  prmnsional,  and  it  has  been  sug- 
iiat  it  may  be  a  tyUhodon,  although  it 

too  large  lor  the  type  SpeClC-S.  i«rtiue  malatur  MtTvt 

,v    Mi:RvcomiA«iu*.-This    family   C^^tTlil^u/™ 
fcgardcd  a»  an  offshoot  from  the  An- 
iida  in  which  the  upper  true  molars  (fig.  tsoo)  have  only 
mns  on  their  crowns;  the  dental  formula  being  the  same. 
.We  that  the  feet  were  tetradactylate ;  and  the  mandible 


Fig.  iroo.— A  rljlit  up- 
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has  a  descending  flange.     Some  writeis  include  this  bn^i 
Anthrcuotkeriiday  and  perhaps  this  is  really  the  better  ananga 
The  type  genus  is  found  only  in  the  Pliocene  Siwaliks  of ! 
and  Burma,  where  it  is  represented  by  M.  dissimilis  (%  i 
and  two  smaller  species.     An  imperfectly  known  but  6as^. 
form  from  the  Upper  Miocene  of  Sind  has  been  deschbed  l 
the  name  of  Htmimeryx.     In  this  and  all  the  preceding  bmiliesi 
odontoid  process  of  the  axis  vertebra  is  peg-shaped. 

Family  CotylopiDje. — This  extinct  North  American  fan^ 
usually  known  as  the  Oreo^ntida^  is  r^arded  by  Professor  Cii| 
as  related  to  the  Anoplotkeriida,  but  with  more  completely  sda 
dont  teeth  and  less  specialised  feet,  which  are  more  like  thosei 
the  Hippopotamus  than  those  of  the  Ruminants ;  but  their  afyb 
are  probably  widely  spread.  Upper  incisors  are  present ;  the  In 
molars  (fig.  isoi)  are  selenodont,  and  those  of  the  upper)) 
usually  have  only   four  columns   on   their  crowns  \   and  ^  p 


Fig.  1201. — Orel  surface  of  the  ri|hl  upper  ehcck-lccih  of  Efarttdrm  mmjer. 
Miocene,  North  America. 

molars  are  simpler  than  the  true  molars,  but  are  not  secant 
lower  canine  is  approximated  to  the  incisors,  and  its  functio 
taken  by  the  first  premolar,  which  has  a  tall  crown  biting  W 
the  upper  canine.  The  ulna,  radius,  tibia,  fibula,  metapod 
navicular,  and  cuboid  are  all  distinct ;  and  each  foot  carries 
digits.  The  odontoid  process  of  the  axis  vertebra  is  intermet 
in  shape  between  the  peg  of  the  Bunodonts  and  the  half-c>'lindi 
the  Ruminants ;  the  lachrj'mal  bone  frequently  has  a  deep  lar 
depression  ;  but  the  angle  of  the  mandible  has  no  descending  fb 

In  the  type  genus  Cotylops  {Oreodon)  the  dentition  is  /  -,  ( 

Pm.  --,  M.     ;  the  orbits  are  completely  surrounded  by  bone 

4  3 

premaxtlla"  are  separate,  the  auditory  buUx  not  inflated  ;  then 
no  vacuities  in  the  bones  of  the  face ;  and  there  is  a  small  polk 

'  The  name  Oreodon  being  preoccupied  by  Orodut  {.mpra,  p.  940I.  in» 
the  change  of  ihe  family  name.  Celylepi  was  originally  applied  by  t*ii1y  l» 
species  of  the  lype  genus. 
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nos.  In  Eportadofty  or  Eucrolaphus.  ihe  above  chaiattera 
t«n«,  with  the  exception  that  the  tympanic  bulla  are  it^- 
td  ;  while  Merycothttrus  differs  from  the  laittr  by  the  anchyloas 
ihc  pfrmftxilla;.  There  are  se\-L'n  species  in  the  latter  genus. 
"yd^t  b  distinguished  Tiom  Mcrycaeharus  by  the  presence 
nnttties  in  the  bchrymal  region.  In  Leptauthemn,  which  has 
■laced  by  some  writers  in  the  CameJida,  such  vacuities  occur 


¥** 


-rroiilal(Oiib)  Mi  lBi*nl(>J  Mpt«ti of  Ihe  cranium  oFOviMiWMfur/iKinM; 
fr«ilMMic«m«B(lbtVnltKlSu>la-     Reductd.    (AfMr  C^p*^ 


c  to  the  frontals,  and  the  nns^nls  become  very  siii.il!.  Still  more 
ailubic  is  the  cnormoun  development  of  these  vacuities  in  Catio- 
ns (fig.  1 20i),  in  which  ihe  uppei  iiicii^ors  are  wanting.  Pirkru'sfes, 
n,  differs  from  all  the  preceding  by  the  absence  of  the  first  pre- 
ai,  and  has  but  one  p.tir  cf  lower  incisors.  In  the  second  dlvi- 
t  of  this  family,  which  indudes  the  j;c-nt-r.T  Ap-uvfrn-rus  and 
the  orbit  is  incompletely  surrounded  by  bone,  and  the 
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fourth  upper  premolar  has  two  outer  columns  in  place  of  thi 
one  of  the  typical  section  (fig.  i30t).  Colereodan  diffei 
Agriocharus  by  having  only  three  premolars,  but  it  may  b 
tioned  whether  this  dtfierence  really  afTords  sufficient  grou 
generic  distinction.  The  majority  of  the  genera  are  conf 
the  While  River  Miocene  of  North  America,  but  Mtryi 
extends  into  the  Loup-Fork  beds,  which  may  be  either  oi 
Miocene  or  Lower  Pliocene  age,  A  tooth,  apparently  indist 
able  from  the  molars  of  AgriocAants,  has  be«i  obtained  h 
Pliocene  of  India. 

Here  may  be  noticed  a  remarkable  form  from  the  Upper 
of  the  United  States,  described  under  the  name  of  JVei 
The  organisation  is  said  to  be  of  the  Cotylopine  type, 
upper  molars  have  five  columns,  as  ia  the  Anthraeotheri. 
Anophtheriida.  This  genus  probably  indicates  an  ancestral 
the  Cotylopida,  which  should  perhaps  be  referred  to  a  distinc 
it  is,  however,  placed  by  Professor  Cope  near  the  Xiphodon 

Family  Anoplotheriid^. — In  this  family  the  cheek-t 
imperfectly  selenodont ;  the  crowns  of  the  upper  true  mo 
1204)  carrying  Bve  columns,  three  of  which  are  placed 
anterior,  and  two  on  the  posterior  lobe,  or  hal^  of  the  aw 
the  bones  of  the  limbs  and  feet  remain  distinct  hoia  one  > 
and  there  is  no  descending  flange  at  the  angle  of  the  n 
The  functional  digits  may  be  either  two  or  three  in  numt 
the  carpus  and  tarsus  of  the  original  genus  are  of  that  type 
the  name  inadaptive  has  been  applied.'  The  anterior  p 
are  more  or  less  perfectly  secant ;  there  is  generally  no  dia 
the  dental  series ;  and  the  canines  are  short  and  comixes 
depart  very  widely  from  those  of  the  Anthracotken'ida  a 
allies,  in  which  they  resemble  the  corresponding  teeth 
Carnivora.  In  the  type  genus  Anophtherium  (in  which 
included  Eurythcrium  and  Diplobune)  the  dentition  (fig. 

usually  /  ^,  C.   ',  Pm.  -,  M.  -;  but  occasionally  the  fii 

premolar  is  wanting.  The  tail  (Bg.  1203)  is  long;  the  fi 
digits  may  be  either  three  or  two ;  *  and  the  third  upper  pren 
a  well-developed  inner  tubercle.     In  the  typical  A.  commttti 

'  In  ihe  inadaptive  modilicalion  {Anoplolhrrium)  the  carpals  of  tt 
difijits  remain  as  useless  lateral  bones  ;  while  in  ihe  adaptive  m 
{Nyoihirrium)  they  shift  iheir  position,  and  take  a  share  in  the  sup[ 
lar^c  persistent  digits. 

'  I'rof.  Cope  has  suggested  that  the  foTms  with  two  digits  should  bi 
from  tliis  family,  but  it  is  the  type  species  which  presents  this  feature, 
with  three  functional  digits  is  indistinguishable  by  dental  chancten 
typical  A.  commutu  with  only  two. 
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lypsutn,  the  columns  of  the  cheek-teeth  arc  comparatively 
but  in  other  species,  like  j4.  cayfuxeme  of  llie  Quercy  Phos- 
Sfas  (t^.  1204),  they  arc  shorter,  and  the  teeth  thus  appcoxi- 
to  those  of  the  brachydont  species  of  Hyopotamui.  This 
u  con/ined  to  Euio{»e,  and  la  cluractcriiitic  of  the  Upper 
toe  <Lower  Oh'goc«ne)  and  the  Miocene  of  Konion  in  ?uy-«n- 


,  noj,— SW«I««  rfyl*^^***"!-*  .*<"Ui«-r.'  L'vfci  tucu«.  turuin.     MuchniluivJ 


Ky.  Tbc  species  from  the  South  American  Tcrtiarics  originally 
tred  to  this  genus  is  now  Itnown  as  Proterothtrium,  and  is 
jccd  UTxler  the  I'crissodactj-Ia.  I'hc  Isrgc&t  species  wa»  ahoul 
Bsc  of  a  Tapir.  Here  may  be  noticed  five  genera  from  the 
licy  Phosphorites,  some  of  which  appear,  on  the  whole,  to  be 
I  neaiiy  allied  10  Anop/olAtriurn,  although  iheir  teeth  present 
ain  rcscrabUnce*  to  those  of  the  Perissodactyla,  in  vfhich  sub- 
the  last  of  the  group  is  placed  by  some  writers.     Of  these 


tioiL— Til*  I»i  Dtc  ri(Sr  uytitt  (litek-ianh  of  Aaif/ftitrittmt^mjtiMt; 
fruni  tlir  Uppcf  EotJtpr  of  Fr*At« 


tra  Adeathtriui»  is  characterised  by  ihc  extreme  coniplesiiy  of 
tasi  upper  picmoUr,  which  resembles  the  first  true  molar : 
ri^tkehum  is  only  known  by  the  mandible,  in  which  [he  pre 
m  are  simpler  than  in  the  type  genu»( :  and  the  true  mulars 
»  sonae  resembbnce  to  those  of  Lcpkiomeryx  ;  Mtxtclhtrium, 
;h  is  devribed  from  the  pabie,  and  b  probably  identical  vith 


A 


I330  CLASS  HAHHALIA. 

the  preceding,  also  has  simple  premolars ;  Myxoekarus  she 
completely  selenodont  teeth  ;  while  those  of  Tapintba  appc 
to  the  molars  of  the  Tapinda.  In  another  direction  i 
Dacrytkerium  and  PUsidacrythtrium,  from  the  Upper  Ee 
France  and  England,  in  the  former  of  which  the  first  upper 
of  either  side  are  separated  from  one  another  by  a  wide 
while  the  first  three  premolars  are  more  completely  sccanl 
the  type  genus.  The  dental  type  of  Dacryilurtum  leads  « 
to  that  of  Xiphodon,  which,  in  accordance  with  the  ^iews 
fessor  Riitimeyer,  is  therefore  placed  in  the  same  £unily,  \ 
some  writers  make  it  the  type  of  another  family,  whidi  is 
include  either  CanotluriMm  (Fk 
DUhadon  (Schlosser).  The  tnji 
are  like  those  of  the  type  genui 
therium,  although  more  completd 
dont ;  but  the  6rst  three  premc 
«,    ,  , ,.     i2oc)    are    much    elonsated  ■ 

Fig.    ijoj.  — The  lul  two  left  -■'  j       i_        r  -         i    j- 

upper  prcmoim  and  fint  irue  presscQ ;  and  the  lunctional  dl| 
S^'tJpifg^S^^'^r  reduced  to  two  in  each  foot 
typical  forms  there  was  no  dii 
the  dental  scries  (which  comprises  the  full  typical  niunbc 
certain  smaller  forms,  separated  by  some  writers  under  the 
Xiphodtmiotherium,  a  distinct  diastema  was  developed.  Tl 
donts  were  animals  of  slender  build,  with  limb-boiKS 
sembling  those  of  Anoplotkerium,  and  partly  those  of 
specialised  Selenodonts ;  they  are  characteristic  of  tl 
Eocene  of  England  and  the  Continent,  the  largest  spe< 
X.  magnus,  and  the  smallest  X.  {Xiphodontolherium)  m 
of  the  Quercy  Phosphorites.  This  genus,  although  not  in 
line,  shows  how  a  transition  can  be  effected  from  the  highe 
cotheriida  to  the  Diehadontidir.  Jihagatherium,  from  tl 
Eocene  of  Switierland,  is  an  allied  genus.  Finally,  Dr  . 
refers  to  this  family  the  genus  Brachytherium,  from  the  1 
South  America ;  while  Dr  Schlosser  would  include  in  it 
Tetrasehnodon,  founded  on  teeth  from  the  Quercy  Ph( 
which  have  only  four  columns  on  the  crown. 

Family  C^notheriid,e. — Following  the  classificatioi 
fessor  Riitimeyer  the  next  family  we  have  to  consider  : 
which  the  type  genus  is  Ccenotherium.  All  the  genera  ha' 
complement  of  teeth,  and  there  are  usually  five  columns, 
on  the  crowns  of  the  upper  true  molars  (which  may  be  eitl 
dont  or  bunodont) ;  two  of  these  columns  being  place 
anterior  and  three  on  the  posterior  lobe  of  the  teeth,  thus 
the  arrangement  obtaining  in  the  Anoplotheriida.  The  I 
Canotherium  comprises  a  number  of  species  of  small  ai 


ime  writers.  The  limb-bonis  show  characiere  connecting  them 
with  ibc  Suida  and  the  Ruinm.ints.  In  the  ii^urcd  cr;tnLUii) 
OMOli  are  peculiar  for  tcrminnting  in  a  point.  'I'his  genus,  of 
ti  tbe  oames  Zoo/igus  and  MurothenMm  arc  al^io  synunyins, 
■s  from  tbe  Upper  luicene  (Ixiner  Oligncene)  of  V.itjrliit;e  to 
jo^KT  Miocene  (Upper  Oligocene}  of  .Mlier,  An  allied  genus 
otui/iulAerium.  of  the  Quercy  Phosphorite*,  in  which  the  tliird 
r  true  tnolar  has  but  four  columns ;  while  yet  anotiier  allied 
ftOBX  the  ume  deposits  has  received  the  name  Oxitcran.  The 
tpcdn  Upper  Eocene  genus  Dich^hunm  {Didymodon)  is  regarded 
tofcisor  RUtimcycr  as  a  bunodont  form  clusely  allied  to  Ornw- 
'itm  i    Diialhtrium    and    Sfnniolfuhum    being    kindred  genera 
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from  the  Quercy  Phosphorites.  The  limb-bones,  allhoujj 
four  digits  are  developed,  show  considerable  resemblances  w 
the  Ruminants,  and  it  has  been  thought  that  Dichobunui  i 
been  the  direct  ancestor  of  Gelocus.  Here  also  may  be  m 
the  peculiar  Upper  Eocene  European  genus  Acothentlum, 
the  general  form  of  the  skull  and  teeth  of  the  one  know 
seems  to  indicate  affinity  with  Dkhobunus,  while  the  absen 
third  cusp  on  the  hinder  lobe  of  the  upper  true  molars,  and 
completely  bunodont  structure  of  these  teeth  apparently 
affinity  with  Ceboeheerui  and  its  allies,  among  which  son 
prefer  to  place  this  genus. 

Family  Dichodontid^. — According  to  the  views  of 
Riitimeyer  this  family  is  taken  to  include  several  genera  wit) 
dont  dentition  in  which  the  upper  true  molars  have  four 
the  type  genus  Duhodon  presenting  affinities  with  Xipha 
Gelocus  and  its  allies  are  closely  related  to  the  TraguUd, 
Cervida.  Other  writers,  however,  who  do  not  attach  sue 
ance  to  the  structure  of  the  molars,  place  Dkhodon  with 
and  make  Gelocus  the  type  of  a  distinct  family.^     In  Di 

dental  formula  is  /  ^,   C  -,   Fm.    ^,  jW.  *  :  the  upper  ti 
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having  concave  outer  surfaces  somewhat  like  those  of  H^ 

while  the  earlier  premolars  are  elongated  and  secant,  ant 
proach  those  of  Xiphodon  ;  there  is  no  diastema.  The  1 
are  unknown,  but  it  is  probable  that  there  were  only  two 

digits.  This  genus 
the  Upper  Eocene 
shire  In  Lophioi 
1207)  from  the  Up| 
and  Lower  Mioce 
Continent,  the  hii 
crescent  of    the   u 

Fig.  laoj.—Thtlaii  four  righl  upper  cbeek-t«lh       molarS    IS   imperfcCli 
of  Lefkiemfyx    Clutltmiali;    from  ihc  Ouercy  .  j    ^t       e      .    i 

phosphoriii*.  eo,  and  the  first  k 

lower  true  molars 
that  of  Anoplotherium,  while  the  second  is  Ruminant-li 
lower  molars  also  resemble  those  of  Metriotherium  (p.  1 
the  family  position  of  this  genus,  which  is  referred  by  I 
to  the  Tragulidcv,  is  still  doubtful.  L.  Gaudryi  from  tl 
Phosphorites  has  been  made  the  X-j^  o*^  ^be  genus  Cr 
In  Gelocus,  from  the  Quercy  Phosphorites  and  Lower  \ 
Puy-en-Velay,  it  is  not  known  whether  upper  incisors  wen 

'   I'rof.  Cope  would  include  in  this  fnmil}'  ihe  type  genus  and  th 
Agriocharus  and  C'tlereoiioH. 
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e  upper  motars  have  low  columns,  n-ith  wide  and  open 
tbc  external  surface  of  each  lolic  resembling  ihat  of  DirA' 
The  navicular  and  cuboid  boni»  of  the  tarsus  were  united, 
Ibe  tiictAiarsaI&  fused  into  a  cannon-bone,  although  the  incta- 
ib  «ere  diuinct  Allied  to  ihis  genus  are  J'hantromeryx 
Frotamtryx  of  the  L'ppCT  Eocene  of  France ;  while  CA<rr»- 
T  of  the  Siwaliks  of  India  nuy  be  provistonall}'  referred  to  this 
t. 

HtLT  Tbaguud^ — The  fo&sti  forms  included  in  this  family 

itc  a  transition  from  the  t>'pical  genus  on  the  one  hand  to  the 

^ntidtt,  and  on  the  otlier  to  the  Cervida,     'I'hc  upper  true 

%  have  four  columns,  and  the  earlier  premoUrs  arc  more  or  less 

tetely  secant.     None  of  the  genera  were  furnished  with  anilers, 

i*  probable  that  upper  mci»ois  were  likewise  always  aUtenl. 

e   existing    forms 

iper  canines  of  the 

(fi%.  i3o8)are  in 

apeofttulu;  there 

long    diastema  in 

^ws ;    the    third 

ih,  or  'psallcnuin,' 

ing  ;  and  the  pla- 

^   diffuse     The 

re  supplementary 

md  the  mctacar- 

ihe    third    and 

digits  either  unite  late  in  life  to  form  a  cannon-bone,  or  re- 
ks  in  JiyonioseAus)  peniianenily  separate.  Backilherium  of 
BTCy  Phosphoritet,  in  which  there  are  three  premolars  in  each 
lows  resemblances  both  with  Gf/iKus.  Hyumoie/ius,  and  I*ru- 
\tritim ,  the  upper  teeth  being  ver>-  !>im)lar  to  those  of  the 
In  Horrathtrium,   with  which  the  existing  Hyomosehui  of 

tppcars  gcncrically  identical,  the  premolani  arc  .—^  .<  and  arc 

\7rK) 
cant  tjrpc,  and  thus  indicate  ai)inity  with  the  Dkhadantida  ; 
nus  is  found  in  the  Middle  Miocene  and  Lower  Pliocene  of 
ntincnt,  and  also  in  the  Pliocene  of  India.  I't-agutus,  which 
by  the  fusion  of  its  nieupodials  into  cjmnon-hones,  and  by 
Bving  more  than  three  lower  premolars,  is  now  coiilined  to 
JenULl  rc;gion,  aiKl  is  represented  by  one  sipecres  in  the  Flio- 
if  India.  Ltftamtryx,  from  (he  Miocene  of  Nurlli  America, 
Vt  prenrxrfan,  of  which  the  first  three  are  simply  t;ecant  as  in 
4us,  while  the  fourth  has  an  inner  tubercle  \  there  are  four 
te  meUcarpals,  but  the  third  and  fourth  metatarsals  form  a 
i-t)onc,  as  in  Gtlvtus,     III  Vntdremvlherium,  of  the  Qucrcy 


Jit,  iioI.-Ri<li>cnl*Ucvirwotlhe*kiill«r 
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Phosphorites,  the  dentition  is  almost,  if  not  quite,  indistisgi 
from  that  of  Lepiomtryx,  but  cannon-bones  are  found  in  bot 
although  the  union  of  the  factors  in  the  anterior  ones  is  less  c 
than  in  the  others.  These  two  genera  apparently  connect  G 
completely  with  the  cervine  FalaomeryXf  that  we  can  have 
tation  in  regarding  them  as  representing  the  direct  Uiu 
descent  of  the  Cervida  from  the  Dichodontida  ;  while  we  n 
sider  the  existing  Tragulida  as  lateral  offshoots  from  son 
allied  primitive  stock.  Hyfertragulus,  from  the  Miocene 
America,  appears  to  be  a  form  closely  allied  to  Lep/omeryx^ 
the  metatarsals  separate. 

Family  Po&brotheriid£. — We  must  here  leave  for  a  s 
the  connection  between  the  Tragttlida  and  the  Cervidte,  to 
the  Camels  and  their  allies,  whose  nearest  existing  relado 
be  found  in  the  former  family.  The  Poibrotfuriida  are  rq 
typically  by  the  genus  Poebrolherium,  of  the  North  Ameri 

cene,  in  which  the  dental  formula  is  /  ?,  C   -,  /*«.-,  Jtf. 

3  >  4 

structure  of  the  cheek-teeth  is  selenodont ;  in  the  feet  the 

fourth  metacarpals  remain  distinct,  the  second  and  third  bi 
mentar)-;  the  carpus  has  a  trapezium  ;  and  the  navicular  ar 
are  not  fused  together.  The  structure  of  the  cervical  ve 
the  same  as  in  the  Camelida,  of  which  this  family  may  be 
as  the  ancestral  type ;  but  in  other  respects  there  are 
affinity  with  the  Tragulidte.  The  type  species  of  Poebtvthe 
scarcely  larger  than  a  Fox.  In  the  John  Day  Miocene  o 
an  allied  form  has  received  the  name  of  Gomphotfuriu> 
Lepiotragulus  of  the  Upper  Eocene  of  the  United  States 
the  ancestral  form  of  both  the  Miocene  genera. 

Family  Camelid£. — In  the  Camels  the  cheek-teeth  ai 
dont  and  quadricolumnar,  but  of  somewhat  simpler  struct 
those  of  the  following  families.  The  navicular  and  cuboit 
distinct,  but  the  metapodials  unite  to  form  a  cannon-bi 
least  one  pair  of  upper  incisors  is  present;  and  in  the  cervii 
brx  the  arterial  canal  passes  obliquely  through  the  anteric 
the  pedicle  of  the  neural  arch,  and  is  thus  confluent  posteri 
the  neural  canal ;  a  similar  condition  prevailing  in  Meuf 
among  the  Perissodactyla.  At  the  present  day  this  family 
sented  by  Canulus  of  the  Old,  and  Auchenia  of  the  New 
but  it  appears  to  have  originated  in  the  latter,  where  a  large 
of  forms  have  been  found.  The  most  generalised  mf 
Protolabis,  of  the  Miocene  of  the  United  States,  in  which  tl 
tion  is  numerically  the  same  as  in  Poebrotherium,  on  which 
Professor  Cope  makes  it  the  type  of  a  distinct  family. 
eamtius  (fig.  isto,  fi,  c)  of  the  Lower  Pliocene  or  Upper 
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incison  were  reduced  (as  in  all  the  other  forms) 

ybt.  Ibcre  were  still  four  premolars,  allhough  the  first  is  isolated 

|.the  Kcoad  very  small.    Pliauchcma  (which  is  perhaps  identical 
lemxamttus)  has  onlj^  tliree  lower  premolar^  and  occurs  in  the 


^—\jA  tMoal  view  oT  th<  iliull  oT  iIhc  C^nwl  (OuhAh  futttrtiaaifi,      ]t«<lDM<I. 
uf^r  ■■■rite*  :  (,  r,  OuiBOi:  jhw.  luiUiei]  [ircmolu'.    Thamaiitlo-pniiiiuilkry  Miruie  duulJ 

I 

bup-ForV-hc<]s  of  North  America.      In  Camtlut  a^^ain  (%.  1209) 

K  normal  adult  formula  of  the  cheelc-ieeih  k  Pm.  ?,  ,V.  ^ ;  the 

3  3 
nt  upper  premoLiu-  being  cai)ine-like,  and  separated  by  a  long 
Itervat  from  the  t^wiiultlmaie  tooth  of  tlui  series.  This  genus  ix 
Ijckfincd  to  the  Old  World  ;  the  earliest  known  species  occurring  in 
i«  Pliocene  of  India,  and  another  form  (C  TAomasi)  in  the  Pletsto- 
tnc  of  Algeria.  The  molars  of  the  Siwalik  specie*!  show  characters 
ow  only  found  in  Auckenia.    The  latter  i^cncric  tenn  Is  here  iiikeii 


»'itU  toft  lown  Itoc  UKiUl  of  litu^itut  ktlUrma,  l'lei»liKC"r,  CiHfotniB;  •, 
r  pi^ntoUr  aiid  l>rtl  Inke  niolj 
ncbi  \trwtx  tiua  moUi  uf  du> 


1  i^\mm<  praoiolir  auA  B«l  line  nio!»t  vf  Prtttrntlmt  virrffuu.  Miocent,  nonb 


_.  lude  a  number  of  fossil  New  World  forms  some  of  which 
lave  been  gcnerically  separated  under  the  names  of  J/fmiauthenia 
rkmia,  Pratauchcma,  Ilalomeniscus,   and  Eichniius.      In  the 
II.  3  F 
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existing  species,  which  occur  fossil  in  the  caves  o(  Biazil  li 
molars  arc  normally  ?  in  number,  but  there  is  oftn  but 

2 

these  teeth  in  the  lower  jnw  ;  in  A.  (Pa/avehenia)  Magna  b< 
Pleisioccne  of  Mexira,  there  were  always  nro  and  ocaiianall 
lower  premolars ;  while  in  a  Pleistocene  South  Amencaa 
{//emiaa^Aenia)  there  were  three  premolars  in  both  Jaws. 
{/M&meHtseut)  hi4Ur»a  (fig.  12  ro,  a),  from  the  Pleistocene  o( 
America,  on  the  other  hand,  the  premolars  were  reduced  10 

each  jaw  ;  while  v^.  (£*( 


It 


la 


vitaJieriana  has  the 

ber,  but  is  distinguished 

simpler  nature  of  the  npf 

The  ranjorilyof  the  spec 

of  comparatively  small  \ 

A.  magna  and  A.  JusSm 

equal  in  bulk  10  the  Ca 

the  present  day. 

Famii-v  CmvinA.— T 

ent  and  three  following 

of    the     suborder    col 

constitute   ihc    Pecora 

cent  Zoology  ; — a  git4 

defined    at    the    preMl 

but,     as     already     nU 

conneacd  in  past  epw 

intimately  by  this  (am 

the  Trof^lida.     The  i 

of  the  entire  group  ifi 

.0  (0-1)  s 

/  .,  c.  —  .  y>..  J 

upper  ineuors  being  \ 
atjsent.     The   true  tn 
ixrrfccily   selenodoni, 
upjjcr  one*  carry  four 
thf  second  premotar 
in  contact  with  the  itui 
is  a  loi^  interval,  or 

Pig.  wii.~*.  t^nalHp«ioflk<ri(hiDuniH   bctWCCn      the     loWCT 

Xivn  v^tmu  rta^mt-i-  Kejuod  «,Cupu>i  and  caoine ;  and  tne 
».T»»u.;f.M.up«iiu» (««>«.*««»  approsimalcd    to, 

resembles    the    ina 
third  and  fourth  mctapodials  (fij{.    isii)  coaIc»%  into  & 
bone;  ihe  navicular  nnd  cuboid  of  the  lamui  are  likrwi 
and  the  odontoid  process  of  the  axis  ii'crtcbni  forms  a 
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[iodcr.  Moreover,  in  ill  existing  iiieiiibers  of  this  gruup 
tefal  meupodiaJs  are  either  incomplete  or  totnlty  wnnting 
111);   the  stomach  Js  composed  of  four  complete  cavities; 

pbcenta  tlei-elops  structures  known  as  cotyledons.     On  the 
(ithcT  horns  or  antlers  arc  very  gencraUy  present,  at  Icaiit  in 
lies  of  recent  rorms. 
the  Ctrvida  upper  canines  arc  generally  present,  although 

few  exceptions  they  are  of  comparatively  small  st/c;  the 
Ktth.  and  more  especially  in  the  earlier  forms,  are  very 
Jly  of  a  more  or  less  brachydont  simcturc,  the  first  true 
being   invariably  of  thi«    type ;    and    the   upper   premolars 

have  both  an  inner  and  an  outer  cuhitnn,  and  are 
simply  secant  like  those  of  the  existing  TraguMa,  !n 
mil  there  is  always  a  large  vacuity  in  front  of  the  lachrj- 
rhich  prevents  that  bone  from  aniculaiing  with  the  nasal, 
large  number  of  forms  antlers  arc  present    in    the   male, 

Jtamgi/er  also   in    the  female.     .Antlers,   it    may  be  ob- 

are  outgrowths  of  true   bone   arising    from    the   frontal 


:imi~ll«dMBdMllueialwpeciorihcikull«rihc  Xocbnek (rajMrWM c^^m), 

of  the  skull  (fig.   i3ii),  which  during  their  developmenl 

Sled  with  a  vascular,  hairy  :^kin.     On  the  completion  of 

tth  a  constriction  of  the  lilood-vessels  near  their  base  is 

brou);ht   about   by   the  fumiution   uf  u    Imrr,   and    above 

Milt  the  skin  peels  off  and  leaves  the  bone  bnre  and  in- 

aftcr  a  time  the  antUi  is  sheet,  leaving  a  mure  or  less 

pedicle  attached  to  the  skull,  from  which  a  new  antler 

Joped.     In  young  animaU  the  antlers  arc  simple,  and  in 

Ipecies  in  which  they  finally  attain  a  great  complexity,  this 

gradually  in  successive  annual  growths.     Each  antler 

^consists  of  a  main  stem  or  Nam,  and  usually  of  one  or  more 

or  tiHU ;  of  which  the  one  luiiucdiatcly  abm'e  the  burr 
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is  termed  the  irow-tine.  The  lateral  digits  are  nearly 
present,  and  the  distal  extremities  of  the  metapodials  may 
served.  The  existing  Deer  have  been  divided  into  the  Pie 
carpalia  (Cervus  and  Cervulus),  and  the  Telemetacarpali: 
Capreolus,  Cariacus,  and  Rangijer);  the  former,  which  m 
habit  the  Old  World,  characterised  by  the  retention  of  the  f 
and  the  latter  of  the  distal  extremities  of  the  lateral  met 
As  in  many  analogous  instances,  the  development  of  the  a 
the  individual  is  paralleled  by  their  development  in  the 
since  we  find  that  many  of  the  earlier  members  were  to 
provided  with  these  appendages,  and  that  their  extreme  co 
in  the  more  specialised  forms  was  not  acquired  until  a  U' 
in  the  geological  scale. 

The  least  specialised  members  of  this  family  form  th 
allied  extinct  genera  Amphitragulus  and  Palaomeryx.  In  tl 
there  are  four  lower  premolars,  and  antlers  were  entirely  ah; 
crowns  of  the  molars  being  low.  The  largest  species  was  s 
bigger  than  the  Musk-Deer,  and  the  genus  is  characterist 
Lower  Miocene  of  the  ContmenL  Palaomeryx  {Drem 
Dicroceros,  and  Micromeryx  being  included)  has  only  thi 
premolars,  except  in  one  species ;  and  the  upper  true  m' 
1213),  like  those  of  Amphitragulus,  were  brachydont,  an 
distinct  accessory  column  between  t 
crescents.  In  one  species  {P.  Feign 
lateral  metacarpals  were  perfect,  alth< 
slender,  and  the  males  had  long  uppe 
like  those  of  the  Musk-Deer,  but  m 
this  species  being  the  earliest,  and 
in  the  Lower  Miocene  of  France.  I 
calus  {Dicroceros  ekgans),  of  the  Mi( 

FiB,~-Le(i  upp«  *^"«'  s^P'^  '^"t'«"  '^^^>  however, 
trur  molar  of  PaUromirrx  and  the  caniues  wcrc  apparently  sn 
lira  iHsis.       loccDE,   n-    ^gj^fii^  of  the  Frcnch  Middle  Mioe 

P.  sivalensis  (fig.  1213),  of  the  PI: 
India,  were  as  large  as  a  Red  Deer ;  and  the  latter  species, 
with  another  from  the  Pliocene  of  China,  were  the  last  rt 
tives  of  the  genus,  of  which  the  latest  appearance  in  Eui 
the  Middle  Miocene  of  Sansan,  in  France.  Plalyprosopus, 
latter  beds,  is  distinguished  by  the  great  projection  of  th< 
the  mandible.  To  the  existing  Oriental  genus  Cervuhts, 
the  molars  are  more  hypsodont,  and  simple  antlers  moui 
long  pedicle  are  present,  may  be  provisionally  referred  C. 
ceros  (fig.  1214,  a),  of  the  Pliocene  of  Eppelsheim.  Then 
uncertainty  as  to  the  earliest  appearance  of  the  genus  Cerv 
not  improbably  dates  from  the  Middle  Miocene,  and  was  j 


b«cr  Pliocene ;  at  the  present  day  it  ranges  tluoughoui  the 
ic  r^'on,  but  is  unknown  in  the  Ethiopian  rcj^ion  and  the 
ort  of  America,  This  genus,  as  wc  have  already  observed, 
to  tiM  PlcMomctacorpAlian  section  ;  the  antlers  may  be  of 


t,  Amlci  of  dn  Red  D«ci  (ffraot  tlaftuii  in  ih*  ircond  t^ax ;  u.  Anilcr  of  iht 
Wf-f»a»n  ctftditioB  :  o,  Anil*r  *iul  Uwy  prdii:!*  of  iW  rnxiul  boncofclic  Munljak 
MObUl  r.Aoikrof  tlK  r>Iloi>  Xi«aitfvm4Ama% 


complexity;  and  the  hinder  molars  are  cither  brachy- or 
It,  there  being  frequently  an  inner  accessory  column  in  the 
e  molars. 

Ill)  is  divided  into  x  number  »f  groups,  nf  which  ilic  diMribution 
be  bricflj"  noticed.  The  most  aberrant  is  ihc  TtlrmieroliMe 
mcd  by  Cerrus  Utnutrof  of  ihc  Krcnch  Pliocene,  in  which  ihc 
>pTo\iinaic  lo  those  o{  Caiituus.  The  AiriMe  group,  now  con- 
he  Orirmal  reicion,  in  which  the  molars  arc  more  hypsodoni 
U  nnd  the  anilcn  iirc  rounded  and  cmnparativdy  simple,  is 
■d  by  several  species,  such  as  C  fianiinrMsii  {Sg.  1214,  ni,  m  ihc 
>f  Europe,  while  the  living  C  <Ln's  occurs  tn  the  Plciiiiuccnc  nf 
The  Oiicntil  Ruifnine  group  has  a  reprcscnlaiivc  in  C.  siiti- 
the  PHocenc  of  India  ;  while  the  allica  RMsine  group,  of  the 
on.  in  whifh  ihe  rinilcm  arc  still  compiirativcly  simple,  and 
beam  nftcn  smmt^ly  ifiouvcd,  is  knnwn  in  ;i  fiiiMl  «liiie  \>y  the 
f  i;xisung  species  ftom  the  Pleistocene  of  India.  In  the  AVn- 
iPt  which  includes  ihc  Canadian  Wapili  \C.  ittnatfetnis),  ihc  Red 
lapkut)  of  Europe  and  North  Africa,  logcthcr  with  some  large 
»m  the  ral»rarciic  region,  the  antlers  (fig.  1114,  c.  d),  although 
led,  arc  often  cupped  at  ibeir  KurnitiiH,  and  carry  a  second, 
r,  immediatcty  above  the  l>row-tinc.  In  ilii>  ymup  remains 
n  the  existing  Red  Deer  {C.  elaphuH  are  tif  common  occuaence 
istocene  of  Europe.  Some  of  the  fossil  antlers  and  jaws  indi- 
»cr,  much  larger  anhnala  than  any  Ked  Deer  now  existing. 
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nnd  it  has  been  suggrM«ri  tlini  thew  renuinc  belong  eiARll( 
martU  nt  I'rnia,  or  to  the  Wapiti  (C.  iamtdftuit)  <M  Nanh/ 
Both  the«e  f:>nns  are.  however,  closely  allied  to  the  Red  Dar,l 
ajipeart  preferable  to  rcjtard  all  ihc  European  foisils  ai 
single  species  from  which  the  three  exisiinfj  ij-pM  are  (tal- 
is, however,  the  name  C.  tfitSaut  for  the  laige  fossil  form  i 
earlier  dAie  than  the  nnm^  C'.  tttanW},  if  that  be  really  ijiilli 
tiaphus.     Kem;tin£  r>f  the  Wapiti  are  recorded  from  the  llewo 
the  United  States. 

The  EucliiJoniraUm  group  comprisea  C.  Sedg^iH  of  the 
Foresi-bcd  and  the  Upper  Pliocene  of  Italy,  io  which  the  iMh 


^ 


:  1  >> 


fix- u>3-— SUktoaef  ibcIfiitiUea(LVmufuH«ratl;  ftomtta  PtoMacsMrfj 
Cre*ily  rwjoocd.    <AftH  Owib.) 


more  complex  than  io  any  other  speciu.     In  tbe  Damim 
intlers  (lie.  1114.  F)  have  their  lenninationt  paliiiaied,  and  (hel 
iimple  ;  ine  cxi»tinK  Fitllow-Decr  {C.  dama)  occurs  in  ihe  bou 
Gibraltar.  *hile  allied  fnrms  arc  found  in  the  Ent;hsh  FoteM- 
Cra^  ;  (he  most  notewonhy  b<Mn|;  C.  vtrtuemis,  in  which  the  btv* 
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t  ikitjjy  dofL-nwards.  The  last  group  which  tl  is  necessary  to 
ta  here  k  ihc  Xft^meroHtu,  whiirb  coninins  only  ihc  Irish  Deer 
fgigaiitfus,  fig.  I3IJ),  rh^antctcriud  by  its  enormous  palTrmied 
1(^.1116),  vhich  diverge  at  ri>,-ht  angieK  from  the  plane  of  the 
^ud  have  a  dUttnct  brow>  [Sr)  and  bei-  (St)  tine.  a.nd  a  small 
9  li«  [/'H  on  the  opposite  side  of  the  beam  (o  the  bw-linc. 
f  of  this,  fine  species  arc  found  in  the  Pleistocene  of  Northern 
■od  t,r*i  especially  ab^indam  in  the  bogs  of  Ireland,  where  speci- 
lire  bftn  f<>und  with  a  tpiead  of  more  than  eleven  feci  between 
gj  the  Antler*. 

ig  to  ihe  Telemctacarpalian  genus  Jian^/er,  which  is  at  once 
rised  by  the  peculiar  form  of  the  antlers  and  their  presence 
CKS,  wc  find  remains  of  ihe  existing  Ktiindcer  (A.  tarandus). 


■JH 


JT 


2tr' 


^r 


L— Satl  tai  mltcn  of  CrmH gitanttut.     Rnlucol.     ilr.  firaw-i  8»,\ht.;  FT, 
feucrioc  tint,    (Aflcr  .Soiii.) 


i 


to  tbc  higher  latitudes  of  the  Northern  Hemisplicrc, 
t  in  ihe  Pleistotenc  of  a  large  portion  of  Europe.  In  Aius 
«r  Moose  {A.  mcuhiis),  of  the  northern  parts  of  Europe  and 
i  occurs  in  the  Pleistocene  of  the  same  regions  ;  while  an  ex< 
KMS,  has  Iwm  described  from  the  Norfolk  Korestbed.  The 
|fig.  1317)  have  no  bcz-,  and  apparently  no  brow-tine,  but 
led  into  an  anterior  forked  branch  {A)  and  a  posterior  pal- 
ne  {F),  A  very  remarkable  form  from  the  Pleistocene  of 
imcrica,  described  under  ihe  name  of  Cerva/cts,  appears  to 
Afm  with  Orvui,  although  it  belongs  clearly  to  the  Telc- 
palian  wction.  Thu*  the  antlers  (fig.  i  j  1 8)  are  superiorly 
itito  an  anterior  {A)  and  posterior  {P)  branch  ;  but  below 
tr  there  occur  two  tines  (/?s  and  PT),  which  Dr  Scott 
ji6  probably  corresponding  to  tlic  bez-  and  posterior  tiscs 
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of  the  Irish  Deer.  And  we  may  likewise  tntce  an  intennt 
type  in  the  vertical  height  of  the  skull,  and  the  form  and  a> 
tions  of  the  nasal  and  premaxillary  bones.  In  Capnoha,  «be 
antlers  are  simple  and  rounded,  the  existing  Roe  (C.  a^ 
1 2 1 2)  occurs  in  the  European  Pleistocene ;  while  C.  eusams, 
French  Pliocene,  is  regarded  as  the  ancestor  of  that  specie 
the  peculiar  C.  Matheroni,  of  the  Lower  Pliocene  of  both  1 
and  France,  is  provisionally  referred  to  the  same  genus.  Ct 
again,  which  is  peculiar  to  the  New  World,  and  is  cbaiat 


Fig.  1117.— SkuJ[  and  anllen  of  the  Elk  {^Akii  maiJUa.)    Reduced.     j1,  Anta 
B,  Poileriot  branch.    {Alter  Scott.) 


either  by  very  simple  prong-like  antlers,  or  by  a  more  compl 
totally  unlike  those  of  any  existing  European  members  of  the 
is  represented  by  several  existing,  and  perhaps  by  some 
species  in  the  Pleistocene  of  South  America.  Lastly,  it  sh 
observed  that  antlered  Deer  occur  in  the  Teitiaries  of 
America,  and  the  name  Biasiomeryx  has  been  applied  to  01 
which  is  regarded  as  the  ancestor  of  Cariacus. 

AH  the  preceding  existing  genera  belong  to  the  subfamily  C 
but  the  Musk-Deer  {Afoscftus),  of  the  Himalaya  and  regions 
northward,  is  the  type  of  a  second  subfamily — the  Mosehina. 
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,  to  which  there  are  no  antlers,  and  the  upper  canines  of  the 
tiOain  an  excessive  development,  not  improbably  occurs  fossil 
tniocene  of  the  Siwalik  Hills. 

ILV  GiRAFPiDiC — In  this  family,  which  is  taken  to  include 
■  SiBtUkeruda  of  some  authors,  the  cranial  appendages,  when 
a{^>ear  to  be  intermediate  in  character  between  those  of 
%pmda  and  Cervida.     The  teeth  are  more  or  less  brachydont, 

I  invested  with  a  rugose  enamel ;  their  number  being  /  -,  C.  -, 

t,  — ,  Af.  -.     The  type  genus  Giraffa  {Camehpardalis),  which  at 

I  present  day  is  represented  only  by  G.  camelapardalis  of  Africa, 
dosely  allied  to  the  Cervida,  in  which  family  it  is  included  by 
ifessor  Riitimeyer ;  the  frontal  appendages  consist  of  a  pair  of 


;.  1118 Skull  and  MalWnot  CtrtMtktt  amtricattu  :  from  the  Pleutocene  of  Nonh  America- 
Reduced.     Leitcna*  in  Ggt.  i>i6  and  1317-     (Afi«  Scolt.) 


ort,  erect,  bony  processes,  at  first  connected  by  suture,  but  subse- 
eatiy  anchylosed  to  the  skull,  which  are  covered  with  hairy  skin, 
d  are  present  in  both  sexes.  Anteriorly  to  these  there  is  a  median 
xess  on  the  frontals  and  nasals,  which  is  sometimes  termed  a 
rd  horn.  There  are  no  traces  of  lateral  digits ;  the  humerus  has 
double  bicipital  groove ;  there  is  a  lachrymal  vacuity  in  the 
mium ;  and  the  neck  and  limbs  are  enormously  elongated, 
ssil  species  occur  in  the  Lower  Pliocene  of  Greece,  Persia, 
dia,  and  China.  VishHutherium,  of  the  Siwaliks  of  Burma  and 
dia,  appears  to  be  an  allied  genus,  with  shorter  limbs,  but  the 
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cranium  is  unfortunately  unknovn.  The;  next  place  to  iht  i 
is  occupied  by  fftJ/aJotfitrium,  of  the  Lower  Fiiootnc  oi  i 
India,  and  perhaps  Persia,  in  which  ihe  cranium  is  dcroid  i 
peiidagcs  and  the  molar  tectli  become  more  like  thoie  of  i 
The  hnibs  are  comparatively  shon  and  «toui ;  the  cnnium  I 
lachrymal  vacuity ;  and  the  one  known  species  was  of 
greater  bulk  than  the  GiralTe.  rt  uli  Hydaspilktrium,  of  ihe  1 
of  North-western  India,  we  enter  the  group  in  which  ihd 
was  provided  with  large  branching  antler-like  appendagtv  i 
the  exact  nature  of  Ihcir  covering  is  unknown.  These  ip 
in  this  gcnuK  ri^  firom  a  common  haiic  situated  imn 
advance  of  the  occiput,  hut  their  form  is  not  known; 
lachrymal  vacuities  in  the  cranium.  An  apparently  dlicd^ 
from  the  Phoeene  of  Persia,  has  l)e<n  named  Vrmialk 
Br&malherium,  of  the  Pliocene  or  Western  India,  llieit 


-  / 


ill) 


Fig.  tn^^—fiVvS^tX Shxtthfium tic»xttMmi  radaccd.    raocvM.  tudib 
■lit  liiiidar  anilan  tlwiiU  prakoUy  b«  ri^w— I. 


pairs  of  these  anilcr-Iike  appendages,  the  anterior  pair  . 
a  common  base,  and  being  of  large  siie.  Lastlv,  we  Iuny  .* 
ihtrium  (fig.  1319),  of  the  Pliocene  Siwaliks  of  Konh-ca»icm  Ii 
in  which  Ihe  neck  and  limbs  were  not  develt^xx)  beyond  the  doi 
proportionn.  There  arc  two  pairs  of  cranial  appendages,  the  \ 
of  each  being  separate.     The  anterior  pair  are  conical,  like  dM 
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';  vhilc  the  posterior  oiiea  arc  palmate,  and  resemble  the 
.  of  the  Elk.  The  latter  pair  are  marlcecl  by  the  impressions 
blood-veucU,  as  in  the  CtrviJa,  but  do  not  show  the  burr 
tic  of  that  fannly,  from  which  it  ts  inferred  th;il  they  were 
There  is  no  lachrymal  vacuity  in  thccntnium  ;  the  nazals 
;  and  arched ;  and  the  bones  of  the  skeleton  approximate 
lUre  (o  iboee  of  the  Cervi/ia.  Some  authorities  regard  this 
\ti  tDOal  closely  allied  to  brachydont  Antelopes^  like  Sirtpsi- 
\hai  it  appears  to  be  so  intimately  connected  with  the  preced- 
ihat  i[  seems  imperative  to  place  it  in  the  same  family, 
I  it  may  indicate  an  approximation  to  the  Bsvida. 
remarkable  genus  Sttmolfurium,  of  the  Lower  Pliocene  of 
of  SamoK,  i«  referred  by  I>r  Forsyth -Major  to  the  present 
f,  although  its  skull  mnkcs  a  remaikable  approximation  to  that 
ameiopotd  (;enuj  Palaolragus.  The  females  were  homleKS, 
males  had  a  pair  of  small  boms  immediately  above  the 
t.  The  molars  arc  descnbcd  as  being  very  like  those  of  the 
iSc. 

JiMlLV  Ajstilocaphid.k, — This  family  is  now  represented  only 
be  American  Fiong-buck  {AniilMaJrra),  in  which  ihc  horns  ate 
le  same  ruture  a*  in  the  /iirvidir,  but  differ  in  beiny  bifurcated, 
in  the  shedding  of  their  »heatJi.  Remains  of  Antilo<apra  occur 
le  Pleutocene  of  North  America ;  and  it  is  thoujjht  that  Cosoryx, 
Ik  Pliocene  of  the  same  country-,  ma>'  have  l>cen  the  direct  an- 
W  of  the  eiiHCing  genus. 

UiiLV  BoviD£. — In  this,  the  last,  family  arc  comprised  the 
[  specialised  members  of  the  whole  suborder,  such  as  the 
slopes.  Goats,  Sheep,  and  Oxen.  'Jhe  genera]  characters  of 
greater  part  of  the  skeleton  are  the  same  as  those  mcntioiwd 
»■  the  head  of  the  Certfida ;  but  a  Temarknble  difference  is 
d  in  respect  of  the  frontal  appendages.  These  appendages 
I3J2)  are  paired,  and  consist  of  persistent  bony  processes,  into 
h  the  air-cells  from  the  frontal  diploe  often  extend  ;  they  are 
imlly  subconical  or  triangular,  and  often  twisted,  but  never 
cbed.  These  "  horn-cores,"  as  they  arc  termed,  arc  covered 
the  true  horns,  which  are  composed  of  an  epidermal  fibrous 
rturc,  and  arc  never  shed.  1'hc  males  of  all  existing  genera  in 
wild  state  are  furnished  with  these  horns,  and  they  are  also 
eni,  although  of  sniailer  site,  in  the  females  of  the  great 
irity.  In  certain  domesiiciiled  races  of  so-called /c//f^  Sheep 
llizo),  Goats,  and  Cattle,  the  horns  are,  however,  wanting  in 
uexes;  and  this  peculiarity  it;  with  great  probability  r^arded 
Hnstance  of  reversion,  since  these  appendage:^  arc  also  wanting 
Ikne  allied  Tertiary'  forms  of  two  of  these  groups.  In  the 
iam  there  is  gcneiially  no  lachrj'nial  vacuicyg  and  the  lachrymal 


i 
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consequently  anirulates  largely  wiih  the  nn£al  (fig.  il»};l 
certain  Amclopt-s  this  vacuity  is  present,  when  ibe  rchtioBirfl 
bones  are  the  snme  as  in  the  Cervide.     AnMher  very  i 
feature  of  the  Btrvida,  u  a  whole,  is  the  hj-psodont 
ihfir  check-tlen[ition.     In  many  of  the  Antelopes  (fig.  null 
feature  is  only  moderately  dcvcluped,  but  in  the  Sheep,  Goatti 
Oxen  it  is  carried  tu  an  excessive  degree  ;  and  in  the  tuie  . 
the  valleys  of  ihc  teeth  arc  filled  up  by  a  coating  of  cemeaL 
feature,  like  that  of  the  relations  of  the  lachrymal,  is,  farafR^I 
absolutely  dtsttnctive  of  the  BoviJa,  since  vc  find  xaart)  K 


J- 


Q? 


^-V^'J^tw.i* 


Fig.  iT3D>~-SkuUaf«  homliH  SS<«|i{<M>V      Radood.    i,  liKhon  ]  t,  CbbIboI  «( 
l<clh:  Mai,  FrcmiuillA:  mj,  UuiIIb;  im,  IfuaJ:  t,  Laduym*] ; >■.  iMal: yV,  rn«^:J 
ruisul.     [AfUrOwM,)  T 

(and  especially  those  having  a  1achr]rmal  racuity)  with  a 
Iirachydont  dentition.     The  upper  true  molars   frequently 
large  accessory  inner  column  (fig.    1231).     Kunctiunal  canios  : 
wanting  in  all  cicisting  forms.     The  lateral  digits  may  or  may  1 
be  present,  but  in  no  living  form  is  there  a  di:ttal  Tcttuunt  of  thi' 
lateral  metapodinls. 

This  family  does  not  apparently  date  Further  back  than  tbt 
Middle  Miocene,  where  it  k  represented  by  members  of  its  lost 
s|>ecia]i^ed  ^roup,  the  Antelopes ;  the  Sheep  and  Oxen  not  ip- 
pearinjf  till  the  I'Hocene.  It  has  been  suggested  that  the  toulf 
orij{tnatcd  from  the  same  ancestral  fomifi  as  the  Cenida, 

Commencing  with  the  Antelopes,  and  confining  our  attcntitn  <» 
those  forms  in  which  the  genus  has  I>een  more  or  less  oxamU^ 
determined,  we  find  in  the  Akflafhint  section,  which  ts  ooii  cob- 
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Africa  and  Syria,  the  exuting  genus  Ahefaphus  represented 
cf  Tcniahcs  of  Algeria,  and  also  in  the  Pliocene  Siwalik^ 
;  the  species  from  the  latter  deposits  being  apparently 
th  to  the  Hartebeast  [A.  Mama)  and  the  Rontehock  (A. 

b  These  antelopes  have  recurved  or  lyre-shaped  horns ; 
has  no  supraorbital  pits,  ,ind  Tn.ty  have  a  very  long 
"Ac  molar  teeth  are  very  narrow.  In  die  CefiAuUfiiiu 
compn'sing  Indian  and  African  species  ot  compsiatively 
le,  the  eiistiiig  Four-horned  Antelope  {Tefraceras  ifuadn- 
found  in  a  fossil  state  in  the  cave-deposits  of  Madras  ; 


$nt     liairinil  itirtirrlr-i  nf tht  twond  leri  u|ipi-r  iroi  moluorilic  NLUhtl 

I  extinct  species  occurs  in  the  Siwaliks.  The  African  genus 
ims  may  perhaps  also  occur  in  the  latter  deposits.  The 
W«  section  is  now  confined  to  Africa,  ami  includes  some 
»  antelopes  in  which  the  females  arc  hornless.  Cof'us,  in 
\k  *kall  has  welt-inarkcd  supraorbital  pits,  appe;ir«.  10  tte 
\tA  in  the  Indian  Siwaliks  by  species  as  large  as  some  of 
can  forms.  In  the  Pliocene  PiVerini  beds  of  Greece  an 
with  round  lyrate  horns,  desrribed  as  fUlui>ph^ra}  appears 
(ied  in  some  respects  with  Cobus,  alih^ju^h  it  !ias  lachrymal 
^  but  no  distinct  Kupraorbilal  pits.  In  the*  t)-pical  Antehpin^ 
which  is  allied  in  many  respects  to  the  preceding,  there  arc 
tretl-developed  supraorbital  pits,  and  the  molar  teeth  are 
W,  and  resemble  those  of  the  sheep.  The  type  genus 
,  which  has  round  and  spirally  twisted  horn.'i,  is  known  in 
Itocene  of  India  by  remains  of  the  one  exiating  species  A. 
It  (Blaek-buck) ;  the  existing  Siberian  Sm^a  larlarua  is 


OHicisaJly  dochbed  under  the  picoccupied  mine  of  fltiinurm. 
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found  fossil  in  the  cave-deposits  of  Europe ;  while  the  Aft 
genus  Gatella,  in  which  the  lyrate  horos  are  laterally  coi 
occurs  in  the  Pliocene  of  Europe,  Africa,  and  India,  as ' 
the  Norfolk  Forest-bed.  The  Hippotragitu  section  maybe 
include  the  existing  African  genera  Oryx,  Addax,  and  Hi} 
and  is  characterised  by  the  long  and  straight,  or  backward 
horns,  the  absence  of  supraorbital  pits  in  the  skull,  and 
and  hypsodont  upper  molars,  which  resemble  those  of 
In  a  fossil  state  this  section  is  represented  by  ffi^dra, 
Indian  Siwaliks ;  and  also  by  the  extinct  Palaoryx,  of 
Pliocene  of  Greece,  Italy,  Samos,  and  France,  which  a 
have  been  closely  allied  to  Oryx,  although  showing  some 
tfippoiragus.  The  last  section  into  which  the  true  axis 
lopes  may  be  divided  is  the  Tragelaphine,  comprising  Boi 
India,  and  Tragelapkus,  Strepsiceros,  and  Oreas  in  Africa 
Indian  genus,  of  which  the  Nilghai  is  the  only  existing  t 
tive,  the  horns  are  short  and  upright,  and  are  not  presi 
females,  while  the  dentition  is  hypsodont  (fig.  1321);  fo 
occur  in  India  from  the  Siwaliks  upwards.  In  the  Afri 
the  horns  are  spirally  twisted,  with  two  more  or  less  wi 
longitudinal  ndges,  the  skull  has  deep  supraorbital  pits  ai 
mal  vacuities,  but  no  pit  in  the  lachrymal  itself,  and  the  1 
broad  and  brachydont  like  those  of  the  Cervida.  ^ 
(Kudu),  in  which  the  anterior  ridge  on  the  horns  is 
stronger  of  the  two,  apparently  occurs  in  the  Indian  Siwal 
may  also  contain  a  representative  of  the  allied  Oreas  (Elai 
extinct  Pa/aoreas  (fig.  1222),  of  the  Lower  Pliocene  of  E 
Algeria,  appears  to  have  been  allied  to  both  the  precedin 
while  the  so-called  Antilope  torttcorms,  of  the  Pliocene  ( 
has  the  posterior  ridge  of  the  horns  the  most  developed 
existing  Tragelaphus,  to  which  genus  it  has,  indeed,  beei 
The  remarkable  Protragtlaphus,  of  the  Lower  Pliocene  c 
differs  from  all  the  preceding  genera  in  that  the  horns  h; 
posterior  longitudinal  ridge,  in  the  absence  of  supraorbita 
in  the  development  of  lachrymal  depressions  like  those  o 
vid<E.  With  the  Rupicaprine  section  of  this  family  we  come 
showing  characters  connecting  the  true  antelopes  with  I 
but  the  only  definitely  known  fossil  remains  belong  to  th 
alpine  Chamois  {RupUapra),  which  occurs  fossil  in  the  cav 
of  the  Continent.  Under  the  name  of  the  Palaotragii 
may  be  included  three  extinct  Tertiary  genera  having  th 
compressed  horn-cores  of  the  goats,  but  the  upper  molai 
less  like  those  of  the  brachydont  antelopes.  The  earlies 
genera,  and  indeed  of  all  the  antelopes,  is  Protragocer, 
Middle  Miocene  of  France,  one  of  the  species  having 
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described  as   Antihfe  c/avata  {sansani'titstt).      These  were 
I  ftfms  with  short  horns,  and  the  crow-ns  of  the  molars  very 
Iffid  moderately  wide.      In  Pa/aotniffiis  and  Tragoceres,  of  the 
PHocciw  of  (Greece  and  Samos,  the  horns  were  larger,  and 
'  JUlars  wider.     The  former  genus  is  considered  to  be  allied  to 
\tritnn,  noticed  among  the   Giraffida.     The  tnie  (>oat5  and 
,  collectively  forming  ihc  seciion   Caprimr,  iire  charactcri.-icd 
more  or  less  laterally  compressed  and  ofitn  aiijulatcd  horn- 
!iich  may  be  either  curved  backwards,  as  in  the  Ibex,  spir- 
ited,  as  in  the  Marlehoor,  or  with  a  peculiar  outward  curvaitire 
I  twist,  as  in  the  Sheep ;  the  horns  themselves  being  frequently 


rrt-  —  \jt^  Uwnl  tIvw  of  th*  oaDhiBi  ot  J'ainrrr^  t.tudmKitjnrl:  fram  ihc  Lomr 


on  the  anterior  surface  by  transverse  ridges.  In  all  the 
waa  the  dentition  is  markedly  hypsodonl,  and  in  existing  forms 
accessory  inner  oolumn  of  the  upfwr  true  molars  is  wanting, 
one  of  thcra  show  a  lachrymal  vacuity  :  but  in  the  Sheep  there  is 
ly  a  deep  depression  (larmier)  in  this  bone,  which  is  absent 
.  tfae  Goats.  Capra  may  perhaps  occur  in  the  Upper  Pliocene  of 
it  is  represented  in  the  Pliocene  of  the  Indian  Siwaliks  by 
ic  species  IC.  sita/ensis),  which  is  probably  the  ancestor  of  the 
Himalayan  Thar  {C.  jfm/oira) ;  by  another  species  equally  closely 
allied  to  the  Matkhoor  (C>  I^tontri),  of  the  same  region  ;  and  not 
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improbably  by  a  third  allied  to  the  Himalayan  Ibex  (C.  si 
Remains  of  the  Pyrenean  Ibex  (C  /yrenaiea)  are  found 
Pleistocene  cave-deposits  of  Gibraltar ;  and  those  of  the  a 
Goat  (C.  hireus)  in  the  turbaries  and  fens  of  England.  T 
remarkable  hornless  genus  Buea^a,  from  the  Siwalilu  of  Ini 
a  skull  presenting  a  great  resemblance  to  that  of  the  Go 
cheek-teeth  like  those  of  the  Oxen.  The  true  Sheep  {Oris) 
to  be  a  group  of  very  late  origin,  and  are  scarcely  known  in 
condition  ;  a  large  species  has,  however,  been  described  6 
Norfolk  Forest-bed  as  O.  {Caprovis)  Savigni,  which  was  ap; 
allied  to  the  existing  Argali.  The  Musk-Ox  {OvtAoi)  of  tbi 
regions,  which  forms  a  connecting  Unk  between  the  Capr 
SovintB,  occurs  fossil  in  the  Pleistocene  of  Europe  and 
while  two  closely  allied  forms,  from  the  Pleistocene  of  K 
and  Arkansas,  have  been  respectively  named  O.  {Boothtrittm 
frons  and  O.  cavijrons. 

The  members  of  the  Bovine  section,  comprising  about 
recent  species  distributed  over  the  greater  part  of  Eurofi 
Africa,  and  North  America,  agree  with  the  Caprine  section  ii 
no  lachrymal  vacuities,  but  differ  from  the  recent  members 
section  in  having  the  crowns  of  the  cheek-teeth  extremely  t 
large  accessory  columns  in  the  upper  true  molars,  and  thei 
filled  up  by  a  large  quantity  of  cement  The  hom-cores 
either  rounded,  flattened,  or  angulated,  and  are  frequently 
more  or  less  outwardly,  but  are  never  curved  spirally  inwar( 
the  "  cork-screw "  shape  characteristic  of  many  Goats ;  w 
horns  themselves  are  not  marked  on  their  anterior  surface  b 
nent  transverse  ridges.  The  most  aberrant  genus  is  Lepto. 
the  Pliocene  and  Pleistocene  of  India  and  the  Upper  Plit 
Italy,  in  which  the  frontal  portion  is  broad,  with  widely  si 
horn-cores  placed  far  below  the  level  of  the  occiput,  Tl 
cores  are  sometimes  absent  \  and  this  genus  is  r^arded  as 
Bostlaphus.  Bubaius,  typically  represented  by  the  Buffaloes 
and  Africa,  but  which  may  also  be  taken  to  include  the  dii 
Anoa  {B.  depressicornis)  of  Celebes,  is  characterised  by  its  ai 
hom-cores,  which  may  be  directed  either  outwards  or  upwa 
by  the  great  convexity  of  the  forehead  in  the  more  tj-pica 
Among  the  more  aberrant  species  may  be  reckoned  three  ( 
Siwalik  Hills  of  India  {e-g.,  B.  occipitalis),  which  are  close 
to  the  Anoa,  and  (together  with  that  species)  by  some  wri 
termed  Probubalus ;  the  hom-cores  are  frequently  compleW 
gular  in  section,  and  the  forehead  is  not  decidedly  con\ 
platyceros  from  the  same  deposits  is  intermediate  between 
mentioned  group  and  the  existing  Buffaloes.  B.  antiquus  \ 
Pleistocene  of  Algeria  is  regarded  by  Professor  Riitimeyer  a 


he  existing  African  Buffaloe*,  (ilthoujjh  Dr  P.  Thomas 
I  more  nearly  rclulcd  to  the  living  Indian  sptcies.  The 
iit/fAtt)  a  found  tn  a  fossil  state  in  the  Pleistocene  of  tKc 
'alley.  India  :  while  an  apparently  closely  allied  form  also 
the  Pliocene  of  the  Siwalik  Hills.  In  Bison,  now  repre- 
ihc  Aurochs  of  Lithuania  {/?.  iiomutts)  and  llic  nearly 
ed  North  American  Hiton  ameriianus^  the  skull  is  chninc- 
in  great  relative  width  and  shortness,  the  tubular  orbits, 
iiely  convex  forehead,  and  the  curved,  round,  hum-cores, 
pbced  considerably  below  the  level  of  the  occiput.  The 
uropean  speetes  is  represented  by  a  \-3rieCy  {l>riseus)  in 
cene  of  Eurojic  and  Arclic  America ;  while  the  gigantic 
*  of  the  Pleistocene  of  Texas  may  urohably  he  looket) 
■c  progenitor  of  the  recent  apcric.')  of  that  country.  A 
om  the  Pliocene  of  the  Siwalilc  Hills  has  been  referred  to 
with  the  name  of  B.  sivalensis,  and  appean  to  be  allied  to 
rms.  The  genus:  7:^^,  which  is  confined  to  the  Old  World, 
it  spedali^cd  representative  of  this  se<.'tion,  anU  may  be 
to  the  BUhn-im  and  Tiurinr  groups.  In  the  former  are  in- 
wild  Oxen  of  India  and  Bunna,  which  are  characterised  by 


HuEh  raductd. 

Battened  horn-cores,  and  hy  certain  peculiarities  in 
occipital  region.  The  earliest  representative  of  this 
W  tirusaii  from  the  Upper  Pliocene  of  the  Continent,  in 
hortvcores  are  pLiced  very  low  down  on  the  fronuls  ;  this 
i^  considered  10  be  nearly  related  to  /!.  l^anftng  of  Burma, 
iljerfecily  known  member  of  this  group  is  B.  falirosaurus 
fitovcne  of  India,  which  iua.y  turn  out  to  be  identical  with 

a  G 
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B.  gaurus  now  living  in  the  some  tegiomt.     In  the 
the  frontali  (I'lg.  laaj)  are  extremely  elongated,  and  the 
which  in  the  type  species  arc  rounded,  aic  placed  inuni 
the  occiput      i'o  this  group  may  Irc  referred  B.  fifamfiv 
(Uutijrvns  of  the  Phoccnc  of  the  Siy-alik  Hills  ;  the  UtlCTi 
markable  for  its  sharply  angulated  frontals  and  its  enoni 
cores,  which  liave  n  pyrtform  section.    Another  membet  d 
dUui  of  ihc  Pleistocene  of  Central  India,  which  present! 
proxiination  lo  the  Bibovim  group ;  but  the  hevt  known  H 
the  Vrus  of  tlic  European  Pleistocene  {fiy.  i  aa^),  which  a 
be  only  ji  larger  form  of  the  existing  Ox  {^Bps  fauna),  aoi 
the  descendants  of  wild  races  an:  still  preserved  in  Chillii^ 
some  other  Briiinh  parks.     A  still  smaller  race,  whoic  rcij 
been  found  in  the  Turbaries  and  tens  of  England,  .iihI  1 
described    under   the    names   of   B.  longifrons  and   B. 
seems  lo  be  only  a  stunted  variety  of  the  same  specie*,  fra 
is  probable  that  the  small  cattle  of  Wales  and  Scotland 
derived. 

SunoHDER  ». — pRBissoDACTYLA. — The  Characters  pa 
this  suborder  in  common  with  the  Artiudactyla  arc  noti 
that  head.  The  disiincii^e  Teatures  of  the  Peris<iodactyb 
found  in  the  truncated  di&tal  surface  of  the  astra^calu^  ({ 

ihe  circumstance  that  the 
in  tioth  the  fore  and  hind  II 
metrical    in    itself,    and    li 
either  of  the  others  (fig.  i 
presence  (except    in    Ckal 
of  a  third   trochanter  to 
(fig.  i2]6):  and  tlie  non-a 
of    the   fibula   with    the  ci 
Other    characters  very   gei^ 
setvahle  in  this  suborder  ai^ 
whole  of  the  scries  of  cheel 
in  contact  with  one  another! 
upper  premolars  are  near!; 
as  complex  as  the  true  mt 
the  last  lower  true  molar  frequently  has  no  third  lobea 
when  such  third  lobe  is  present,  it  is  absent  in  the  last  fi 
molar ;  while  the  first  tooth  of  the  cheek  series  is  sooil 
ceded  by  a  milk-tooth.      In  .ill  existing  fomts  the  n 
dorso-lunibar  verlebr.e  is  never  less  than  twenty-twof, 
twenty-three;    while   the   nasals    are   expanded   posi 
stomach  is  simple,  and  the  placenta  dilTuscd.     In  exiai 
the  cervical  vertebra;  are  markedly  opisthoccelous.     'Hie  < 
molus  are  constructed  on  some  modification  of  what  is 


Mtriii-iliit  I'F  [lie  licitc  (Afiiiu  Oit*i- 
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WpUn  (Rg.  133^);  that  ii,  th^re  is  an  outer  longitu- 
fcpm  wliich  two  transverse  ridges  proceed  at  right  angles 
Bner  border  of  the  crown.  In  the  bnchydont  forms 
re  is  perfectly  simple,  but  in  those  genera  with  very 
leeth  it  U  so  comphcatcd  by  foldings  and  involutions 
t  iilwA>'s  easy  lo  trace  the  original  plan.  The  crowns 
true  molars  consist  in  their  amplest  stnicturc  of  two 
idges  (as  in  the  Tapir),  bm  these  ridges  may  Ijc  cun'cd 
(as  in  the  Rhinoceros),  or  complicated  by  foldings 


bhl  BUM  at  (At   Tm^rut.  iri  (■) 
a*.    lUduoed.   (AAti  flowcrO 


rif.  nni,  — Donal  or  Mitirior 
vinr  of  iti*  lift  fanur  of  KUmf 
etrti.  Tat  mKtian  pniJKiiiin  on 
tli«  rifhi  «<It  of  ilie  Bku'i  it  ihv 
Ihinl  UDchumcT.     Kedu«d, 


itions  (as  in  the  Horse).  The  transition  from  the  aim- 
^dORt  to  th«  most  specialised  hypsodont  dentition  is 
i  by  a  reduction  of  the  number  of  the  dij^its  from  four 
one ;  thai  one  being  ilic  third,  or  middle,  of  ihc  typical 

b 

tsodactyla  have  RufTcrcd  considerably  more  in  proportion 
ibers  than  the  Artiodactyla  by  the  extinction  of  generic 
types ;  the  existing  genera  being  at  the  present  day 
EhTCC,  which  are  the  types  of  as  many  difTeient  families. 
s  bare  suggested  that  this  extiiiciion  of  types  is  owing 
lOdonl  plan  of  molar  structure  beinjj  less  readily  suscep- 
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tible  of  modification  than  the  Bunodont  type  upon  which  the  Arftt- 
dactylate  molar  is  constructed,  but  this  is  really  a  pure  assumptiaa. 
Family  Tapirid-e. — This  family  is  represented  by  the  sin^ 
existing  genus  Tapirus,  now  found  in  the  widely  separated  areas  cf 
the  Malay  Peninsula  and  South  America,  and  thus  aiTording  an 
excellent  example  of  what  is  termed  discontinuous  distribution.   Tie 

dental  formula  is  /.  ^,  C.-,  Pm.  ^,  M.  ^ ;  the  cheek-teeth  ae 

3         '  3  3 

brachydont,  and  of  the  simple  Lophodont  type ;  the  hinder  pre- 
molars being  as  complex  as  the  true  molars,  and  the  last  Iowa 
molar  having  no  third  lobe.  The  first  upper  premolar  has  a  dead- 
uous  predecessor ;  and  in  the  existing  forms  there  are  four  digib 
in  the  anterior  (fig.  1225,  a),  and  three  in  the  hind  foot.  The 
cranium  (fig.  1227)  has  its  cerebral  portion  much  vaulted,  and  the 


Fig.  i»7.— Side  view  of  the  AaW  OT  Ta/ina  amerKmnia.     Reduced.    (After  GiebEL) 

nasals  short  and  arched ;  in  one  American  species  {which  on  this 
account  is  regarded  by  some  authors  as  generically  distinct  under 
the  nair\e  of  £/asmog-na/^us)  the  narial  septum  is  largely  ossified; 
and  there  is  a  short  proboscis.  In  Europe  this  genus  is  found  in 
the  Middle  Miocene  of  France  (T.  Poirrieri),  and  continues  to  the 
Upper  Pliocene  {T.  arvernefisis) ;  it  also  occurs  in  the  Pliocene  of 
(;hina  (7".  sinensis),  and  in  the  Pleistocene  cave-deposits  of  Biaiil, 
one  of  the  forms  from  the  latter  being  indistinguishable  from  ihe 
living  T.  americanus.  The  North  American  Miocene  forms  named 
Tapiravus  are  probably  not  generically  distinct.  An  imperfectly 
known  form  from  the  Middle  Eocene  of  France,  described  as 
Palieotapinis,  is  referred  by  Dr  Filhol  to  this  family. 

Family  LoPHioDONTiDiE. — This  Eocene  family  presents  diai- 
acters  allying  it  very  closely  with  the  Tapirida,  PalaotheriidJ,  and 
Mhinacerotidie^  and  probably  contains  ancestral  forms  of  all  those 
families.  The  upi>er  true  molars  (fig.  1228)  are  brachydont.  and 
always  more  complex  than  the  premolars  ;  the  last  lower  true  mobr 
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ncially  has  a  third  \o\x  ;  and  there  arc  usually  four  digits  in  ihc 
oaus  aiwl  three  in  the  pes.  The  type  genus  LofihWffH  (fig. 
I3&,  a)  comprbeii  some  specie^s  which  attain  a  bulk  tivalling  that  of 

EhinoctTosts,  and  has  the  dental  formula  /.  ■,  C  - ,  J^.  -,  M.  -. 
found  in  ibc  Middle  an<l  Upper  Eocene  of  Eurofw,  and  is 
ally  regarded  as  having  died  out  without  descendants.  In 
c  dentition  here  figured  ihc  inner  crcseciil  of  the  fourth  upper 
iBDolar  is  incomplete,  and  the  ridgex  of  the  tower  molars  are 
Ki{)le;  the  last  lower  true  mohr  always  lias  a  third  lobe.  Allied 
I  iepkiediin  Ik  ffdaitUt  {DeiTnalotherium),  of  tlie  Upper  Kocene 
[  North  America,  characterised  by  the  more  roundt-d  upper  true 
lolars  and  the  absence  of  a  diastema  in  The  lower  jaw ;  it  is  le- 


-«•  Tba  iue  live  nsbi  up|tcr  chscli'imih  4(  LifAia4an  ttitimiti,  Irani  the  Miditic 

■•■  of  Piaac*:  M>  Th«  rtchi  upp^t  thcfli-iwih  of  HyraiKymi  arrmriui.  !toax  Ihc  toc«i»  of 
nk  AMwta.     lUdaccd. 


rded  by  Prtrfessor  Cope  as  an  ancestral  stock  of  the  Jihitttxtretida. 
itb  fomu  from  Ihc  North  Aracnc^n  Eocene  dcficribcd  as  htetclo- 
tu  and  Pr&tkyratodon^  rn  the  first  of  which  the  last  lower  true 
}Iar  has  a  third  lobe,  wc  come  to  the  contideiatiun  of  Lophio- 
nts  showing  more  affinity  with  the  Tapir*,  but  it  docs  not  appear 
itc  certain  tliat  both  these  forms  are  really  entitled  to  generic  dis- 
cxion  from  the  next.  The  genus  Hyrachyus  (fig.  1 33S,  b),  which 
cuts  ty{>ic3]ly  in  the  Uinta  and  Bridger  Eocene  of  the  United 
Ues,  is  lalcen  by  Dr  Filhol  to  include  European  Lophiodonts 
iging  from  the  Middle  Eocene  of  Trance  to  the  Lower  Miocene 
St  Girand'lc-I'uy.  'ITiis  gcnas  has  four  premolars,  of  which  the 
«  is  somewhat  simpler  than  the  first  true  molar;  while  there  is 
I  third  lobe  10  the  la<.i  lower  tiue  molar.     In  the  type  species  the 
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Upper  true  molars  (fig.  laaS,  b)  resemble  those  (^  Ha  £k 
ida ;  but  there  appears  to  be  a  gradual  transition  in  this 
towards  ff.  prisms,  of  the  Quercy  Phosphorites,  in  whii 
teeth  have  rounded  angles,  and  approximate  to  those  of  the 
from  which,  however,  these  forms  are  distinguished  by  thi 
fourth  premolar.  This  transition  has  induced  Dr  Filhol  t 
the  genus  Protapirus,  which  was  proposed  for  H.  prise 
latter  species  is  evidently  allied  to  the  American  Iseetolop 
Dr  Filhol  suggests  a  transition  from  this  type  towards  th 
The  typical  American  species  of  Hyrackyus  is  rc^arde 
ancestor  of  the  genus  Hyracodon^  which  is  classed  in  the  t 
tida.  An  American  species  which  may  be  provisionally 
in  Hyrackyus  is  said  to  have  an  attachment  for  a  denna 
each  nasal,  on  which  account  it  is  separated  by  Professor 
Colonoceros.  The  American  Eocene  genus  Dilopf^don  a 
be  allied  to  this  group. 

The  imperfectly  known  genus  Ribod^n,  from  the  infra 
beds  of  Patagonia,  is  apparently  nearly  allied  to  ffyratky 
genus  Triplopus,  of  the  Upp>er  Eocene  of  the  United  Stai 
tinguished  by  having  only  three  digits  in  the  manus, 
account  Professor  Cope  makes  it  the  type  of  the  family  . 
idtE.  In  Hyracotherium,  with  which  the  forms  describ 
the  names  of  Pliolophus  and  Orohtppus,  and  not  im[HO 
htppus,  are  identical,  the  upper  true  molars  resemble  those 
odon,  but  their  anterior  ridge  is  incomplete,  and  the  transve 
of  the  lower  cheek-teeth  have  a  tendency  to  assume  a  creso 
In  this  genus  there  is  a  diastema  behind  the  first  premol 
an  allied  form  from  the  Lower  Eocene  of  North  America, 
been  named  Systemodon,  all  the  teeth  are  in  contact,  TTie 
species  of  Hyracotherium  indicate  animals  not  larger  thi 
the  dentition  is  of  the  full  typical  number,  and  the  structi 
fore-foot  is  shown  in  fig.  1236,  a.  This  genus  occurs  in  t 
Eocene  ^  both  of  Europe  and  North  America,  and,  as  wil 
fully  noticed  below,  it  is  regarded  as  the  ancestral  sto 
Equida.  Heptodon,  from  the  Eocene  of  New  Mexico,  \ 
originally  identified  with  Pachynohphus,  appears  to  coi 
latter  with  Hyracotherium,  although  it  is  placed  by  Profe 
next  to  Hyrachyus.  In  Pachymhpkus  the  dental  formula 
full  typical  number ;  but  the  upper  true  molars  have  tal 
than  in  Hyracotherium,  and  are  intermediate  in  structun 
those  of  the  latter  and  of  Anchilopkus ;  the  lower  mol 
subcrescentoid.      The  largest  species  is  P.  isselanus,  but 

•  It  has  recently  been  recorded  from  the  Middle  Eocene  and  the  I 
or  Fiance  ;  but  at  least  one  or  the  species  from  tb«  latter  deposits 
form  more  nearly  allied  10  Anckilophm. 
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|]  otiiCT  forms  from  ihc  Middle  and  Upper  Eocene  of  the 
Ban ;  Pr<>f«liK0th(riHm  (in  which  Lephhlkertum  may  be  in- 
I)  does  nol  appear  gencrically  separable. 
IniY  pAL.r,OTHFRiin^ — Wilh  the  Palireihiriida  we  enter 
uftlhcr  cxlintl  family  of  ihin  suborder,  Ihe  iy|)e  gcniis  of  which 
Kg  b«en  known  from  (he  classic  labours  of  Cuvier.  In  this 
the  upper  premolars  may  be  cither  simpler  or  quite  as  com- 
t  the  true  molars  ;  the  lower  molars  have  cresccnioid  crowns, 
I  the  last  tooth  of  this  series  the  third  lobe  may  be  cither  well 
ped  or  olmo-it  warning ;  all  the  ehcek-tetrtli  xk  braehydom, 
ben  cement  is  present  it  docs  not  fill  their  valleys.  There 
lays  three  digits  in  each  fooL  The  type  genus  J'aUtotktrium, 
th  may  be  included  Paioplothtrmm  (or  Piagiolopkus)^  ranges 
Middle  Eocene  of  the  Paris  b.^s.in  to  the  Lower  Miocene 
lion,   but   b  especially  cha^acll;ri^tic  of  the  Pnrisian  stage. 

lUl  formulft  is  /  ^,  C.  !,  Pm.  *i=i?,  M.  ^ ;  and  the  last 
3  '  (i-4)         3 

molar  has  a  third  lobe.    In  the  more  typical  species  (fig.  7129) 
ptemolars  arc  present  in  both  jaws,  the  fourth  upper  [ire- 


Opiwi  EwKiw  of  Pui*.     fteduccd. 


r  ts  as  complex  as  the  first  true  mutar,  and  the  third  lower  pre* 
[  OS  the  fourth  lower  premolar  ;  while  the  diastema  is  compara- 
fshort,  and  the  canines  are  not  large.  The  upper  true  molar!; 
Itbe  species  exhibit  an  expansion  of  the  inner  extremities  of  the 
■CISC  ridges,  foreshadowing  the  slruriure  of  the  teeth  of  itoine 
e  E^ida.  The  cranium  is  Tapiroid  in  character,  especially  in 
irotmncncc  of  the  nasal  hones ;  from  which  it  is  deduced  with 
>iUty  thnt  the  nose  posses-<c<l  a  short  movable  proboscis, 
fomi  may  also  be  supposed  to  have  been  like  that  of 

[(ir»,  and  the  retioration  of  P.  maptvm  given  by  Cuvier  (fig. 

exhibits  to  us  an  animal  closely  similar  to  the  existing  Tapir. 

particular  instance,  however,  we  know  that  the  restoration  is 
rcct,  since  the  discovery  of  a  complete  skeleton  of  this  species 
ibovn  that  it  was  a  more  slender  and  longer-necked  animal, 
ibling  in  its  general  iigurc  a  Llama. 

Ibat  group,  which  ii  considered  by  some  writers  as  jcenc^Hcally  dis- 
uodcr  the  njune  of  PalopiaiJurium,  the  last  upper  premolar  ha»  its 
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hinder  lobe  more  or  less  completely  aborted,  the  third  lower  pr 
less  complex  than  the  fourth,  the  first  lower  premolar  is  absent 
corresponding  upper  tooth  may  also  be  wantmg ;  when  the  b> 
is  present  it  is  sometimes  preceded  by  a  milk-molar.  In  this 
yavali,  from  the  Quercy  Phosphorites,  is  remarkable  for  the  p 
a  considerable  quantity  of  cement  in  the  cheek-teeth,  and  for  u 
mation  of  the  upper  canine  to  the  premolars  and  its  apparent 
from  the  incisors.    P.  minus  from  the  Paris  basin  is  the  small< 


Fix.  i>3o. — Reduced  ralmlion  cX  Pat^clktrium  magMum,  mlui  Car 
Upper  EoccDC,  France. 

of  the  genus ;  while  P.  eodidense,  from  the  Middle  Eocene  of  F 
its  fourth  upper  premolar  as  simple  as  in  Lophiodon  and  Hyri 
thus  shows  how  extremely  intimate  is  the  relation  between  all 
forms  of  the  suborder,  and  how  very  diflScuIt  it  is  to  give  an; 
tinctivc  characters  of  ihe  families  into  which  it  is  convenicni 
them. 

In  Anehilopkus,  of  the  Upper  Eocene  of  the  Continent, 

formula  is  /  ^,    C.  \  Pm.  -^,  M.  ^  ;  and  the  cheek-teeth 
3133 

intermediate  in  stracture  between  those 
nolophus  and  Anehitherium.  The  last  1 
molar  is  as  complex  as  the  first  true  mo 
are  well-marked  ridges  on  the  outer  o 
the  upper  true  molars  ;  the  last  lower  t 
has  a  large  third  lobe  ;  and  the  diastea 
gated.  l"he  genus  Epihippus  from  tl 
Eocene  of  North  America,  which  is 
by  some  writers  as  being  on  the  dired 
of  the  Horse,  has  been  placed  her 
Schlosser.  The  genus  forming  a  step  ii 
of  Anchihphus  is   Atukitherium,   typic 

the  Middle  Miocene  of  Europe,  but  with  which  the  con; 

North  American  forms  described  under  the  names  of  J 


KiR.  I2JI.  —  A  left 
upper  true  molar  of 
An<kithcrit4m  aureli- 
atitruf,  from  the  Mid' 
die  Miocene  of  France. 
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K^^fits  may  be  united.     The  dental  fonnula  is  the  typical 

^;  die  gpper  premolars  are  09  complex  as  the  true  molsrs  (fig. 

,  (he  external  surface  being  without  a  mctlian  vertical  ridge; 

lower  premolar  U  coraparativeiy  small ;  and  the  third  lobe 

siBt  lower  true  molar  is  reduced  to  a  siiial!  talon  ;  while  the 

have  no  infolding  of  the  enntnci  at  their  sutnniits.     Some 

»hciw  a  "  larmial  "  deprcs^ian  in  the 

il.     The  typical  j4.  aurthammt  (fig. 

\\),  of  the  NUddIc  Miocene  of  the  Con- 

Bl,  b  the  largest  sjiecies,  and  shows  no 

of   the   fifth    metacarpal  \    while   the 

and  entocuneiform  of  the  tardus  are 

In  the  smaller  A,  liairJi  of  the 

of  Nonh  America  the  lateral  digits 

leUtively  larger,  the  fifth  mclacarpul  is 

:nted  by  a  splint,  and  the  me«o-  and 

cuociform  are  sepoiatc.     Allied  to  this 

ins  are  Af>thippus,  Parakippui,  and  Hyt.*' 

Mi  of  the  North  American  Miocene. 

[i'uiiLY  ?RarHKOTHKKiiu*. — In  this  place 

ly  be  convirnicnt  to  notice  the  ^cnus  Pro- 

therium  from  the  Tertiary  of  Patagonia, 

1  ■»-»$  at  fir^l  r^arded  by  Ut  Ameghino 

belonging  to  the  Artiodnrtyla,  but  was 

quenily  made  the  tj-pe  of  a  distinct 

of  thi*  suborder.     One  speties  wa>, 

l>y  Bravard  to  Anoplothtrium,  while 

and  was  subsetiuently  described  by  I>r 

neister  first  aJi  Ancfiitkerium,  and  then 

AmisalofihMS.     The  upper  premolars  arc 

\y  as  eomplex  as  the  true  niulari.     The 

ThoaifKrium,  Diadophertii,  and  Li- 

•ium  have  been  applied  to  allied  forms 

the  same  deposits.     The  lowei  molars 

four  diMinct  roots.     Il  may  be  ques- 

ned  ■whether  these   forms  arc  really  cn- 

to  form  a  distinct  family. 

!  Family  EQUlD.e. — The  division  between 

family  and  the  Pa!tTorfunid>t  is  a  more 

f  kas  arbitrary  one.     In  the  preeent  one  tl]c 

premolars  are  as  complex  as  the  true  molars,  and  all  tlie 
•teeth  arc  usually  of  an  exucmcly  hypsodont  type,  with  their 
Heys  filled  with  cement ;  the  crowns  of  (he  lower  molars  are  cres- 
ccntoid,  with  complex  folds  of  enamel,  and  there  is  scarcely  any 
dtstmct  third  lobe  to  the  la&t  lower  molar.     The  digits  may  be 


Jig.  1131. — Laitnil  lipin- iif 
ihc  i>kIii  iii'ind^  n(  (ha  KoMa 

irt.  Cnr|)u->;  •".  jd  M«taf»r. 

lJ*t  lUlllllllll-tllMKK    t,\-Utttii 

At::    1. 1.  1,   IliaUnstak  oT 
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either  one  (fig.  nja)  or  thicc  in  number  ;  the  ulna  and 
incomplete;  and  the  meso-  and  entocuneifonn  of  the 
unitctl.     The  plane  of  vrcar  of  the  cbcck-tecth   becomo 
smooth,  insteAd  of  being  raised  into  ridges  a  in  the 
fomilifs;  and  the  summits  of  ihc  inciBors  ha*"*  an  infoldiftj' 
enamel  exlt-nding  some  distance  into  the  crown.     One  of  i 
generalised    forms   is    Protohipf^i  or   Meryihipfxs  of  the 
Pliocene  of  North  America,  in  which  the  pennancin  nietai] 
ficmhlc  those  of  the  generalised  species  of  E^vut,  but  have  i 
crowns,  while  the  milic-molars  ajjproximaie  more  n<urly  la  dKl 
molar*  of  AmhUherium.      The  next  genus  '\i  Hiff^rion  \^ 

ikerium).     The  dentition  is  /  ^,   C  ',  Pm.  -,  M.  ^ ;  bnt  Ael 

3         1  3         } 

upper  cheek-tooth,  which  has  no  predecessor  and  oppean  i 

the  milk  scries,  is  shed  before  the  animal  is  adulL    The  Bf 
cheek-teeth  (fig.   1233)  at  first  sight  seem  to  differ  rery  n 


f  d      *    i 

T\%.  iij).— Thrac  ri|ht  amm  cittrk-inih  of  Mifftwtf* ;  tnm  ih*  Pbicaa  rf  IXt 
PotMrior.  ruxl  t,  AntartM  «il«r  «fttMi*Ai ;  t,  AaMtfor,  aMl  d,  Aucn«t  Innn  ooCMi :  t. 
IMC,  mtiA/,  PosicriM  pltlar. 

from  those  of  the  Paiaothcrinm  type  (fig.  ^^^^\^  but  a  c 
examination  will  show  that  the  outer  portions  marked  a  soAi 
respond  to  the  outvr  wall  of  the  more  ger»eralised  tooth ;  whA 
portions  <  and  t,  and  d  and  /  respectively  represent  the  fit* 
second  transverse  ridges  of  the  name  These  ridge*  ha>-<,  bOW 
united  together  in  a  crescent-like  form,  and  enclose  between  I 
and  the  outer  wall  a  pair  of  islands  surroundnl  by  a  plicated  «i 
enamel  and  filled  with  cement.  The  terms  which  it  b  coofd 
to  apply  to  the  Equine  molar  arc  irtdicatcd  in  the  accompti 
figure;  and  the  distinctive  feature  of  the  upper  teeth  of  Itif^ 
is  thai  the  anterior  pillar  (c)  is  disconnec-tcd  from  the  auRrior) 
ctcscciit  (r)  for  at  least  three-quarters  of  its  height,  so  that  il 
mally  appears  on  the  worn  crown  as  an  isolated  oval  (fi^  il 
There  arc  normally  three  digits  to  each  foot,  but  in  the  PIk 
Indian  Ji.  anlthpinum  they  aT«  apparently  reduced  to  ooej 
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I  Wing  been  made  the  tj-pe  of  the  geniii;  Hif'podadyhs.     The 
kkiiown  species  is  //,  grmiU  of  the  Pliocene  of  Europe,  Samos, 
,ind  Algeria;  but  the  genus  is  aljui  well  represented  in  the 
of  India  {H.  antihfmum,  H.  TheaMdi),  China  [H.  Ruhl- 
.  and  Xonh  America.     All  the  sjx-ne*  retain  the  primitive 
of  a  depression  in  the  larhrj-m.ii.     With  £^1110:  (in  whirh 
be  included  the  American  Hipptdium.  otherwise  Pltohippus) 
10  the  most  specialised  of  all  the  PeriBsotUictyla.     The 

is  /.  ^,  C.  -' ,  Pm.  lill\  M.  ^  ;  but  the  first  upper  check- 

3  I  (3-4)         3 

ah  i«  usually  absent  in  existing  forins,  and  the  corresponding 

one  is  only  occafeionally  developed  in  sonic  axtincl  species. 

'  crowns  of  the  cheek-tetlh  ate  higher  than  in  Jiipparion,  and 

'  antcnor  inrvcr  pillar  of  the  upper  ones,  except  in  a  very  early 

of  wear,  is  connected  with  the  adjacent  inner  crescent  (fig. 

J4)-    There  is  but  one  functional  digit  to  each  fool,  altliuu^jh  the 


Xe(Jui:«(t. 


iximil  portions  of  the  Intenl  metapodi-ils  remnin  (figs,  la^a, 
^36,  d).  and  in  the  so-called  Hippidtum  the  terminal  phalangeals 
reprtnenled  by  claw^  A  maxillo-bchrytnul  fossa  ik  present  in 
extinct  E,  andtum  and  E.  stvelensis,  but  is  wanting  in  all  cxist- 
species.  At  the  present  day  this  gcnuH  is  confined  to  the  Old 
Id,  and  is  especially  charactcrisUc  of  Africa,  hut  in  ihc  Pliocene 
Pleisioceiw  it  was  spread  over  both  North  and  South  .America. 

those  South  American  Pleistocene  forms  rcfcnrd  by  >onte  wriler* 
'ippiiitifn,  the  molars  are  shorter  ;in«l  more  cun-td  than  in  exi^tin^ 
ict,  and  Ihc  grindiag  surface  uf  the  antcnor  pillur  uf  die  upper  ones 
;0o«  wider  than  in  Hipparicn ;  £.  primipulis  h  a  large  6pccics 
lis  lypc.  In  E.  SttHonis  of  the  Upper  Pliocene  of  Italy,  Kos,  and 
ria,  and  the  Norfolk  Forett-bcd,  the  molars  ore  taller,  but  th«y  still 
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have  a  n.irrow  ajiterior  pilUr  in  the  upper  jaw,  and  thus  chowl 
n«clion  with  Hippurion.    In  E.  si\<altniis,  of  the  Pliocene  of  I 

A".  quageintUt  of  that  of  Italy,  this  pilUr  becomes  rather  more  ■. , 

Mid  in  inc  Pleistocene  E.  nttmadian  of  India,  as  well  «s  Lti  E.  nvnl 
nf  thai  »r  liratil.  and  all  the  existing  members  of  the  genus  (fig:  | 
(he  |;rindiii){  lurlace  of  thiii  pill»r  b«cumeft  greaily  tndened  ■) 
antero-poxieriflr  direction.  It  is  noiewonhy  that  E.  sif-Ufiuu  '»  I 
in  the  same  beds  as  thoae  coniatmng  Hippari^H;  and  that  th«  efl 
E.  cabnltus  is  apparently'  the  common  species  of  the  European  Hi 
rene,  althou^'h  it  is  not  improbable  thai  (he  Asiatic  E.  ^hmt  n^ 
iiccur  in  (ho  saniv  dcpoGils.  In  Soiithem  India,  wt>ere  bo  Uiioc* 
are  found,  the  remainft  of  the  existing  Afiican  E.  ast'tms  and  Of  «N 


r-„  V 


>'•€-  ii)t--SI'«II  «f  III*  HOTnlffMUfaMMuV    RubtaA. 


undetermined  form  occur  in  the  Pleistocene  cave-deposits  .  _._ 
Finally,  ii  should  be  mentioned  that  some  of  the  South  AmcficaiiTe 
forms  have  been  separated  under  the  name  oi  Haf^okipptii. 

OKNt^AUJCV  Of  THE  HoKSF-— Allusion  has  been  incidentally 
in  the  preceding  parajfiaphi  to  the  fjenealofiy  of  the  genus  E^tm 
since  this  is  one  of  the  best  instances  of  evolution  among  the  1 
Mammals  yet  worked  otii  it  is  adi-isablc  that  it  should  be  ndntrd  < 
more  fiiily.  The  tup  of  the  scries  is  the  F.^uut  itttitUus  f,---  ■  i 
the  dentition  i*  of  the  moKl  specialised  type,  and  which  de-- 
to  the  topmost  I'liocene;  then  we  have  the  E.  St/fiams  and  Ji  pnm 
(■roup,  in  wTiich  the  molars  become  more  like  thoac  of  /flpparim 
tinilly  the  so-called  Hippidium.  The  siruciur«  of  the  foot  l<  iho 
tig.  1136,  [> :  the  ^3t  site  of  the  plialan^'cals  and  th«  metapodial 
functional  digit  being  very  noticeable.  The  eariiesi  ftcnirrrnce  of  the 
is  in  the  Pliocene  of  India.  From  the  E.  Sten-trnt  emn^  to  Ht^ 
it  but  a  step,  i\ie  transitional  «pr«ies  beinj;  N.  4iH//fi'/nmitm  of  t&i 
cene  of  the  Siwallk  Hills  in  which  the  laienl  digits  were  apfs 
wanlini'  1  in  the  other  ApccieN  (tig.  I3J6,  C)  the  lateral  dijpls  , 
small  SIM,  and  the  middle  one  is  relatively  more  slender  than  ra  i 
Prp{okippnt  connects  E^uui  by  ibc  structure  of  its  mtlktrwilw 
the  Miocene  .■Iruit/^critrm  ■  and  in  the  latter  the  teeth  hawe  b 
brachydont,  the  ihiiU  lower  moUr  has  a  »mall  tliird  lobe,  iuid  : 


mDER  UN( 

the  fool  rfig.  1336, 1!)  have  become  tarter  and  the  tnidittedi^l 

;  iracc*  of  the  fifth  metacarpal  bciny  retained  in  ihe  American 

The  next  step  k  probably  made  by  some  form  allieci  10  AkM' 

ror  F<tikYiia!ofkui  nt  the  Uijper  Eocene  ;  and  from  such  a  type 

Btition  r*  easy  10  the  Lower  Eocene  Hyrn(r>lherium  and  SycttMO- 

twhich  till  the  species  are  verv  small,  i1ie  dentitron  i«  nf  the  simple 

Bl  type,  with  a  lar(;e  third  fobc  to  the  b*t  lower  Inie  molar,  and 

"fisol  (fig.  1136.  Ai  has  foiir  complete  digits,  which  are  of  sub- 

wie  I  while  (here  may  be  [Eciufipus)  a  rudim«ntal  metacarpal  of 

(poUcT,     Kinally,  the  earliest  stage  of  this  series  is  formed  by  PnmaC' 

lot  the  Lowest  or  I'xiereo  Kocene  nf  North  America,  in  which  there 

hit  digiti  to  each  foot,  and  of  which  the  stnicture  will  be  mor« 

reoticed  under  the  head  of  the  suborder  Condylarthra.     It  should 

erred,  however,  that  Professor  Cope  would  introduce  an  inter- 


U 


3  — 


Htff^rim  (c),  and  Sfnui  (d> 


Icdiate  Maife  between  Sytttmodoti  .md  PhemKodus :  and  ilint  (he  came 
kdiOTTty  also  introduces  the  genus  Palaothirium  between  IfyrMO- 
^Atm  and  AnMt&trium,  although  mgst  writers  regard  itut  ffenus  as 
lofftlic  line 

conncciiMi  may  be  noticed  the  rcmailtable  circumstance  that 
line  of  evolution  culmmntinx  in  the  modem  Horse  a  parallel 
i  of  jrtncrically  identical  or  tloady  allied  forms  occurs  in  the  Ter- 
ries of  00th  Europe  and  North  America,  from  which  it  has  been  sug- 
mcA  that  in  both  Continents  a  parallel  development  of  the  same  Kcncra 
b  simultaneously  taken  place— /.r.,  that  in  boih  rci;ion5  AHihilk<rium 
IS  (ivCD  rise  10  lli^tarion,  and  Ilipporiait  or  an  alJicd  type  to  E^hus. 
em,  seting  it  15  evident  that  in  the  ciLie  of  siierics  nf  a  single  genus 
C  O'oluiion  han  taken  place  in  HCparalc  Hiiva. — that  b  to  say.  that  the 
lasting  Indian  aperies  of  <.'.j«/j  arc  probably  derived  directly  from  the 
Bocenc  fiirms  of  the  same  region,  and  the  Brazilian  species  of  thai 
EOiM  have  their  predecessors  of  the  cave-epoch  of  that  country, — there 
jipears  no  logical  reason  for  refusing  to  admit  an  analogous  parallel 
rotuiion  in  the  case  of  genera,  and  there  is  accordingly  a  i^unsidcrablc 
rohability  thai  the  Iiy|xnhcsii  in  queilinn  may  be  a  true  one.  I'ro- 
Bsor  Cope  considcpt  (hat  in  one  country  Protohtppuif  and  in  the  other 
M,  was  ihu  immediate  ancestor  of  E^uiti. 


^ 


1564 


CLASS  MAMMALIA. 


Family  Riiinocp.rotid.«- — With  this  family  we 
considtraiion  of  another  branch  piohalily  derived  trooi  tl 
live  I^phiodont  stoclc,  which  attainiti  great  dcvdopment 
tiary  times,  and  is  still  represented  in  Asia  and  Africa  b 
five  wcll-dcfincJ  species.  It  is  not  eaay  to  diMinsuish  || 
from  tiie  Lofhiedofaida,,  as  represented  bjr  /fynuhiut  (' 


■■»    c 


ft-. 


Fk.  i*J}.—Lrft  hair  of  itie  paUnl  nirfiKic  o(  llw  cruian,  tmi  M  IMM 
of  MttmmymtJam /JjM,/nmi :  rrom  th«  WhiM  Hinr  Mlofan*  of  K«d> 

Tulutal  tiie.     A'a  NwuI  i   /^r,  l-nnuJ  1  /'it.  PaiKu! ;  Sr.  5uc>aaiEitanl ;  : 

eIbmIcI  and  pMnyinrun ii!  procotct :  1,  i.  ),  Almti  or  inciun;  >:,  Ahnol^ll^ 
PiOHitmi  ■•  >>  ji  Tf ite  o)oW>.    (ATlcr  SmIi  Mill  Otbcim.) 


Schlosscr  includes  in  the  RhinoerrotiJir),  tiut  llie  uppa  I 
(6g-  1  »39)  generally  have  a  very  thick  outer  wall,  whic 
produced  in  advance  of  the  firil  ridye ;  their  trattsverK 
but  slightly  hent,  and  are  intimately  connected  with  the  i 
ihe  upper  premolars  are  usuidly  nearly  or  quite  »  coni| 
true  molars;  the  lower  cheek-teeth  are  more  or  less  • 
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And  in  all  ihe  forms  in  which  that  tooth  is  known 
ijrd  lobe  to  the  last  lower  true  molar.  The  height  of 
-leeth  vari«  consideiablj',  their  crowns  being  tallest  in 
jfenwMr.  One  or  more  dcnml  horns  may  be  attached  to 
ito-naul  region ;  2nd  when  twu  of  these  appendages  are 
Bicy  may  l>c  either  placed  one  behind  another  in  the  middle 
b  a  pair  on  cither  side  of  this  line:.  The  digits  of  the  [je» 
jTcntly  always  three,  but  there  may  he  either  three  or  four 
|Bnu5.  One  of  the  mo»t  generalised  forms  is  Hyracodon, 
Lower  Miocene  of  Nebraska,  in  whieh  the  dental  formula 

n.  -,  Pm.  -,  Af.  -.   ThcrewereappaTenllyonlythreedigils; 

and  limlx^  were  slender  and  Horse-like;  and  there  was  no 

a  nasal  Iwin.     This  gcnui>  was  in  all  prolMhtliiy  n  dc- 

of  llie   Lophiodont  JJynukyus,  but  docs   not  appear   to 

in  the  prDgeiiitor  of  the  true  Rhinoceroses.      In  auiiie  re- 

jU  more  generalised  is  the  genus  Amynadon  {OrtfuKynoilnn), 

I  Middle  and  Upper  Eocene  of  Nortti  America,  in  which 

(al  formula  was  tlie  s:ime  as  in   Hyra(odim.      Thi;   lower 

^crc  nearly  upright ;  there  was  a  short  diastcmn ;  the  prc- 

■ere  unlike  the  true  molars ;  and  it  is  Iwlicvcd  that  the 

id  four  digits.     Allied  to  this  genus  is  Atefamynodcn,  from 

jeae  of  the  United  States  in  which  the  skull  (fig.   123;) 

ng  sagittal  crest,  the  premolars  arc  reduced  to  -,  the  lower 

lavc  become  somewhat  proclivous,  and  ihe  upper  premolars 
I  more  like  the  tnie  mobrs.    I'hese  t«'0  genera  are  regarded 

!  of  the  American 

plogists   as    indicnt- 

istinct  family — the 

PMtida  —  and     aa> 

iked    upon    as    the 

B  of  the  true  Khi- 

^       In     the    Old 

(here    is,    however. 

[US    Cadunotherium 

[nercy  Phosphorites, 

pnay    possibly    lay 

I   this  position,  al- 

lit  may  indicate  a 

tranch  allied  to  the 

lltia.      Unfortunate- 
detached  teeth  arc  at  present  known,  so  that  the  dental 

cannot  be  detennined.     The  upper  true  molars  (fig.  U38) 


Fifl.   itjl^  -^  A  left   upucr   iruc    pioUi  of  CAiiur' 
rMMTiim    aifiinfiui  i    imta    tbi    tJppcr    Eecwt 

of    PfMtM. 
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are  Rhinoccroiic  in  structure,  but  are  extremely  narro* 
verse  direction,  and  the  ridges  of  ihc  lower  chcck-tnih 
fecily  cresccntnid.  Apparently  nearly  related  to  the  pi 
HoatahdonkilkcnHmy  from  Tertiary  strata  of  unknown  a 
gofiin  ;  the  dental  formuln  is  the  lypical  one,  and  there  bn 
but  the  skeleton  is  unknunti.  VX'c  now  come  to  the  ot 
of  iho^e  nnimnts  which  we  may  tcnn  [rue  Rhinoceroses-' 
which  rcry  dtvcnc  rvcm  as  to  the  limits  of  generic  tci 
valent  Among  zoologistB  and  paleontologists.  By  sonw 
five  existing  spccicii  arc  referred  to  at  teast  three  ditt 
and  if  this  view  be  adopted,  it  nitl  be  necessary  to  n 
number  of  genera  for  the  extinct  forms ;  the  Lnglish  s 
ever,  now  generally  include  all  ihc  living  species*  in  one 
from  tht»  point  of  view  there  teems  no  good  reisotn  foi 
separating  any  uf  the  extinct  specie^  which  form  a  se 
mately  connected  that  it  would  be  very  difficult  to  dc 
{^eneia  into  which  they  are  divided  by  the  American  scho 
then,  the  lerrn  Rhincifr<fs  in  its  widtfst  sense,  the  variat 


number  of  teeth  may  be  expressed  by  the  formula  J. 


(< 


4  3 

Pm,  ■ ,  M.-  ;  the  aUscn<:e  of  upiKr  canines  is  a  distinc 

**         3 

the  upp*r  true  molars  (fig.  1*39)  haw  Iheir  crowns  rdi 

their  transverse  ridges  well  dei'clopcd,  the  hindtx  lobe 


^^  of  Knitonil.    Unc-htlT  auunJ  mr.  ^^ 

tooth  partially  aborted,  and  frequently  a  more  or  l^ff 
tress  ai  their  antcro-cxtcmal  angle.  The  teeth  rcprea 
1  »j9  are  the  most  generalised  type;  and  it  is  evident  thai 

■  III  thi&ARil  nihcr  inttinca  the  number  of  jcnnk  <livukxiswhl 
(lii|iosed  to  iiJoui  it  solely  n  mniier  <tf  conveiuencc.  From  (be  wi 
view  the  muLtlplIcaitua  of  eennic  icmti,  which  w  obi  )i>mw1ci1k«  i 
Ijecmnc  lew  and  leu  miKcptible  of  cx/ict  dcfibitian,  trn>li  to  drowv 
■  MB  of  tumea,  whicH  (onn  ■  gicat  burden  to  ibc  m«notf ,  Mkl  ifcl 
•Irajr  the  vei7  object  of  dudMalion. 
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awm  of  each  molar  wouUJ  carry  Iwu  isolated  foseetics 

I  by  enamel  (fig.  1344).     Tlie  worn  crawn-smface  is  trans- 

[ed  i  and  there  i.i  a  pToccss  ptojc:ctiiig  fmn)  ilic  hinder 

he  middle  valley  leniifd  tlie  ciochet,  which  U  ;ihsent  in 

es.      llic  hinder  prcmulur:^  arc  as  complex  as  the  tru« 

id  the  crowns  of  ihe  chtek-Ieelh.  though  varj-tng  in 

jievcT  very  tol),  and  their  vallejTi  are  alwnys  open.     In 

wek-l«vth  the  ridges  form  compleiL'  L-rescents,  with  their 

liKClcd   inwardly   (ilg.    1240). 

canines  are  always  proclivous. 

m  and  akull  are  very  iiia&ai^c, 

being  idcaI  maiVcd  in  the  more: 

species.     This   genus   may   he 

>  several  groupie,  of  n-hich  the 

■  is  (he  mcMt  generalised.     In 

there  is  usually  no  horn,  and 

jones    (fig.     I J4 1 )    are    conse- 

nll ;   culting-tceih    arc    always 

lODgh  thciv  is  some  variation 


Via.  >na.— T  Iw  third  Mi  la*w 
litic  iiiol-nr  of  JtAfvtvtrvg  mtgur* 
tiHmt:  ?lali.UK>fi(.  Tuu-lhioli 
eiuucdI  tiim. 


ibet,  which  may  be  expressed  by  the  formula  / 


(0-2) 


?.  indtivui  (which  is  the  Ij-jic  of  the  so-called  Ai^ra- 

Sre  are  four  dibits  in  the  inanu»  ;  but  in  many  of  the 
rican  forms  (which  on  this  account  are  separatee)  hy 


-Cnaium  </ XAiivHrTV  imliini;  hum  ihc  l.n.cr  Pliucene  a(  <M-muny. 
Oiu.f*VTnih  nuiunl  lire.     (Aflu  Kivup.) 

Vpe  under  the  name  Aphehps^  fig.  1241^  the  number 
}  reduced  to  three;  and  these  forms  were  lhu&  similar 
ate  examples  of  the  existing  R.  wndiiUus,  in  which  the 
aL     In  Europe  this  ^oup  ranges  from  the  1  .owcr  Mio- 

3  H 
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cene  to  ihc  Loner  I'lioccnc ;  Jt  also  occurs  in  ihc  Upper  Mi 
and  Pliocene  of  India,  and  id  itii;  Upper  Mio^-cne  for  21 
uf  Nonh  America.       In  ihc  Ifuera/Acrtne  group  {Db 


\ 


^4^^.' 


J:*  "^i 


FJK-  IW.—Skt\la(  Xliimttm  mcThMm;  frodi  ihe  Upficr  itia 


■  orCobafc 


Mnr^h)  there  was  a.  transrvrscty-pkced  pair  of  sniall  nasil  botoi 

the  formula  or  Ihe  cheek-teeth  being  /    ,  C.  -  z  it  is  rcpreeaH 

in  the  Ixmer  Miocene  of  Europe  bjr  X.  miiuifus,  and  bywHh 
specic-s  in  North  America.  At  this  stage  of  erolution  the  go 
disappeared  from  the  latter  country, 

The  RkiKiKtrittinf  grouji  is  charvicteriscd  by  the  prcKlxv  of 
single  well -developed  nasal  horn,^  and  of  eulting-tecth  in  boihilo 
Ii  is  represented  at  itie  present  day  by  the  Asiatic  R.  umjaiaa  a 
A",  itnie^rnis  (fig.  i  243),  the  upper  true  molars  of  the  former  W 
or  the  type  of  those  of  ft.  mrgarhinui  (fig.  r  239),  while  those  rft 
Inlter  ore  of  the  more  specialised  type  of  R.  aMfi^MUntii  (fig.  m 
The  ancestor  of  R,  sondaUus  is  probably  lo  be  found  in  R.  iivaiim 
of  [he  Plitit'i'ne  of  India  :  while  Ji.  fialmndimt  appears  to  be  I 
species  from  which  R.  ttnuormt  has  spning,  The  CrmAmt 
group,  represented  by  the  existing  .\siatic  R.  sumaiw>tnm^  isA^ 
European  Ixiwer  Pliocene  R.  SeMeUrmackeri,  £\f[eti  from  the  p 
ceding  by  having  two  homs,  placed  one  l>ehind  Ihe  other  in  I 
median  line,  but  still  retains  cuiting-leeih  in  buih  jaws ;  ihc  ap| 

'  The  horn  nr  the  RhinoccfMn,  ir  should  be  obMrvcil,  comut*  aeidf  < 
bundle  of  cloKrljr  agglomcmiol   bniilct,  soil  hu  no  boav  UttduBrnt  M 

ftkull.  r 
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boih  species  being  of  the  type  of  fig.  1239.  This  group 
lohahly  be  separated  from  the  next,  with  vrhich  it  is  con- 
jy  H.  Persia,  of  the  i'liocene  of  Mar.agha  in  Persia,  which 
caiiino,  allhough  apparently  allied  to  if.  platyrhinns. 
specialised,  or   Aftiodint.   );roup   is   repreacnicd   <tl   the 


pm* 


«r> 


/W 


X 


r-^-il 


I  lac^—Woni  sfi  iipfwi  JcoUtiao  of  ffJMMtvfw  m*kentii :  Iwlii.    Much  itdiicnJ. 
(Aflar  Cttvur.) 

^b>'  the  AfTi«:an  f{,  simui  and  H.  bicornis,  in  which  there 
_  1  horns,  Iwil  no  cultin^-tecth  in  either  jaw.  Of  species 
■  motors  of  the  simpler  type  of  fig.  1  a,^g,  wc  may  mention 
^^  ta£4»f,  of  the  Lower  I'liuoene  of  (Jreece  and  the  isle  of 
whkh  is  closely  alhed  to  the  African  R.  bicornii ;  /i. 
(fig.  1144).  of  the  Upper  Pliocene  of  Kurope  (in  whirh 


t^^ 


|nn>  iri'lhs  cnnium  of  KlirmBi^ri  itraieft,  itlih  ilie  Inlh  niuih  vain; 
tJplKf  PKocsn*,  llaly.     Ons^cwnih  tiBtiinl  ui«. 


are  of  a  brach>'dont  stnictuie) ;  /?.  deemntnsis  and  R, 

tit,  of  the  Plcistotxnc  of  Soullicm   India;  and  H.  mcga- 

Sg.  1339)  and  R.  ifplnrhinus,  of  the  European  Pleistocene. 

attcr  there  is  an  ossification  of  the  nas.1l  septum.     The 

of  this  group  hive  their  tipper  molars  (fig.  1345)  of 


nyo 
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0.  more  complex  Type ;  there  bcti^  an  absence  of  a  bvinaii 
amcTo-i'Jitcmal  anxle.  and  ihe  folds  of  the  crown  to  amnjd 
when  more  worn  than  in  the  fibred  specimen  thice  »M 
enamel  would  be  formed  on  their  crowns.  These  teeih  m 
charaacriscd  by  their  plane  of  wcnr  being  perfectly  bona«4 
by  their  relatively  tall  crowns.  Arv  early  meml>er  of  ih»  npei 
(ffalyrkims,  of  the  Pliocene  of  Northern  Indb  ;  from  wbicfcui 


V 


>, 


ii«.~'n>t  weonri  tifbi  upper  inienu Jar  i)rff4/«ir«M*««(fra 


it  is  highly  probable  that  both  the  existing  African  Jt. 
the  Pleistocene  Ji.  antiyvitath,  of  Nonhern  Aua  and  Et 
been  derived. 

The  tatter  ^ecie»,  of  which  the  »lcull  is  represented  in  61;. 
upper  mnl.ir  In  fij,,"  '^45!  '*  soinciimcs  kiMiwn  as  ihc  WtjotK^R 
ninrc  tt  was  cohered  wilh  a  thick  cait  of  woiilly  hiur.  Thr  ill 
devoid  of  the  folds  which  charaacriM:  the  U[);c  Indian  ^i" 
front  horn  was  of  very  large  siic-  As  in  some  of  ihe  Pic.  ^ 
(he  scpium  of  the  nnrc^  ivai  completely  ossi^cd  (&^.  iiabi.  1  aa 
is  essentially  »  noMhcm  fi>nn,  and  haH  nearly  the  5ame  diMi 
as  the  Mammoili,  aliti<iui;l)  it  liirei  ntit  ap|ic.ir  ici  haiT  rrossed  I 
Siraii  inin  America.  In  lime  ihi«  Khinocctus  makci  it*  fint  appi 
in  the  Pleistocene  Drick-canhs  of  the  Thames  valley,  AaA  it  very  a 
in  European  cave -deposits,  and  in  the  tuH<iras  of  Siberia.  Ci 
carcasses,  still  cnvricJ  wilh  the  dried  desh.  skin,  and  hair,  havea* 
qucndy  been  fnurul  w.i^hed  oui  from  the  frotrn  alluvial  deposit** 
tuniinu  un  the  tiank>  ai  the  Yenciti  and  Lci 
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ift  animal  tMunly  censiKcd  of  th«  Waves  and  twigt  of  juniper 
lifenntft  plants. 

rtpr«€ntativc  of  this  family  is  the  ^gartic  Efatmo- 
raKcros)  of  the  Pleistocene  of  Siberia,  in  which  the 

aU  of  the  adull  is  /.  -,  C.  -.  Pm,  -,  M.  ^.    The  slruc- 
0033 

tkuU  and  limbs  '\%  csHcnliatly  Rhinorcrotic  :  and  in  ihc 

laiial  »eptURi  vm  conipIctL'l)'  us^iflL-d.  and  the  frontal^ 

;  bony  protubenince  fur  the  support  of  a  lai^c  horn 

Ig  10  ihe  second  one  of  Rhittoctrni  aniiquitatii.     The 

considerably  from  those  of  any  species  of  Hhitwctroi, 


\  ^IfMCt  4f  >)>«  «klllJ  ofb  ffjunff  individual  tiC  Jli/wMfrvt  JTMfiyuiMfa; 

Irma  ibc  FUiitactiM  of  Sibcni-     Kcduccd. 


aracterised  by  their  very  tail  crowns,  plicated  enamel, 
plane  of  wear.  Their  structure  is,  howcA-er,  merely  an 
dificatian  of  the  Rhinorcrotic  ij^pc,  to  which  ihe  nearest 
nong  later  forms  is  made  by  A*,  anri^wi/tifis.  There  is, 
ihesc  tccih  a  marked  resemblance  w  Ihosc  of  Cudurcih 
3  Homaiodontofhtrium,  and  it  is  not  improbable  that 
vai  presents  the  last  rcprescnialive  of  a  ^tock  de^ccI1ded 
irmef  genus  which  has  remained  altogether  apart  from 
binooooses. 

Luni>oniEKilD.c. — With  the  LamhdothMida  we  enter 
insidcration  of  the  first  of  three  cxtinrt  families  in  which 
eeth  have  remarkably  short  (brachydont)  crowns,  and 
.  certain  extent  from  the  more  t)'pical  Lnphodont  form, 
tnie  molars  (fig.  1 J47)  may  he  described  as  consisting 
imns,  of  which  the  two  hindmost  are  frequently  eon- 
tn  obli4]ue  transverse  ridge  ;  while  there  may  also  be  a 
iplete  ADterioi  ridge.     When  ibese  teeth  are  worn  two 
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niolu  of  CAMlktiitrirm  iimtmu;  6oai 
iht  PUoecn*  of  China. 


V-«hape<J  surfaces  of  dentine  appear  on  ibe  crowa  "nm 
tooth  may  be  derived  from  tlic  Lophodonl  by  the  xsxn 
complete  abortion  of  the  middle  portions  of  the  nanswn 
The  upjTtT  premolars  are  simpler  than  the  inie  molantii 
hm  a  single  iniK-r  toliimn  ;  while  ihe  lower  d»cek-lc«th  art 
loid.  the  last  tiuc  molar  usually  not  hav-irtg  a  conipktc  thi 

There  un^s  ;Ll«-ays  a  dvutcs 
dcRUl  scries,  and  the  fknl 
void  of  bony  proiubmtK 
the  preset! I  North  Araewa 
the  femur  has  a  tliird  tmchi 
the  feet  are  of  the  nomul 
dactyJate  iy|ic,  ihc  maiius  I 
vtded  vrith  four,  and  the 
three  digits.  This  (amilr 
sented  by  Falao^fs  an 
lktrii»m,  from  the  Upper  I: 
which  tliere  are  four  [weni 
the  last  lower  true  molar  h 
lobe ;  the  eanines  lieing 
resembling  those  of  the  < 
iMmbdotkerium  is  anothei 
bter  age;  while  in  the  White-river  Miocene  of  Candull 
ffapluavion,  wilh  only  two  pairs  of  lower  inctsorK. 

I-'amilv  CiuuconiKRiiD*.  —  The  Kcond    family, 
tAeriiiia:,  is  found  in  l>oth  Uie  Old  and  tlie  New  W' 
scnts  such  a  remarkable  abnonnnhty  in  the  structure 
as  to  render  it  for  the  future  quite  unsafe  lo  predict 
of  an  animal  from  a  single  bone,  and  to  make  in 

maxim  tx  tutgye 
the    femur    the 
chanter  lus  been 
in  the  feet,  while 
tnal  bones  retain 
t'erissodacty  lot  e 
the   phalangeals 
modified  to 
of    Edentates. 
ric....^-A<.wt<xud<ii««iup«Nof.>«>wi    phalangeal  (^ 

EhulaiuaJ  c/  CAaiictlitrimm  tiratimu;  frwB  (b*      \f\a  a  StPOnslv 

tal  trochlea  for 
tion  of  the  huge  claw  forming  the  terminal  joint. 
geals   have   been   described   under  the   names   of  Midi 
and  AncyMherium,  and  were  until  quite  recently*  whea 
found  by   Dr    Filhol  in  association  with  the  skull 
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skeleton  of  Chalifothirium,  thought  to  belong  lo  liuge 
lies.  The  laticr  writer  has  indeed  proposed  to  regard  this 
as  a  Teritable  Edentate,  but  The  rescmljUnce  of  its  denli- 
In  that  of  Paitrasyefs,  coupled  with  the  es.scntially  Peiisso- 
Me  chjirarlers  of  the  rest  of  the  skeleton  —  notably  the 
loaelous  cervical  veaebr*  —  prevents  the  acceptation  of 
and  compels  tu  to  regard  thiii  strange  animal  a<i  a 
nodilicd  and  aberrant  Ungulate.'  In  the  type  genus 
•tkerium,  with  which  Matrofhtrium  ■«  identical,  there  were 
in  the  number  of  the  cutting-teeth  analogous  to  those 
ing  in  Xhinoaros,  which  may  be  exprt'ssed  by  the  formiih 

V,  a  ^^I^,  Pm.  ^,  M.  -1     The  tyi>c  spcdt-s,  which  should 
3)  <  3         3 

own  as  C.  gigantmai,  occurs  typically  in  the  Lower  Pliocene 
peliheim  in  Hessen-Dannsladt,  and  aLso  in  the  Middle  Mio- 
rf  Saman  in  Gcrs;  the  claws  were  first  described  by  Cuvicr 
the  name  of  Pangolin  gigaula^ue,  and  were  Kubnequently 
the  type  of  llic  gcnu-s  Afua-atktrium.  Another  species,  C. 
mi,  occurs  in  ihc  Upper  Eocene  I'hosphoiitet.  of  France,  to 
probobU'  belong  some  Urge  claws  described  as  those  of  an 
lU'.  The  genus  also  occurs  in  the  Pliocene  of  China  and 
the  species  from  the  latter  area  having  been  referred  by 
to  a  distinct  genus  Nestiwitkerium^  on  account  of  the  absence 
anterior  iceth.  The  phalangeal  from  the  I'Uoccnc  of  Sind 
nted  in  fig.  1348  doiibllesv  belongs  to  a  small  individual 
species,  itlthough  first  deKcribed  as  Mants,  and  subsequently 
crothtriHtn.  It  has  likewise  been  lately  recorded  from  the 
-ii*-er  Miocene  of  Canada  and  the  Loup-i'ork  bed*  of 
'ITie  last  lower  mular  of  Chahcolhtrium  has  no  third 
From  the  Lower  Pliocene  of  Attica  the  genus  /^j>t,>i{afi, 
>ed  on  the  evidence  of  a  lower  jaw  with  a  Chal icoiheroid 
on,  but  with  a  third  lobe  to  the  latii  molar,  is  probably  iden- 
fith  Attcylothfrium,  founded  upon  the  evidence  of  claws  from 
1B€  beds,  which  are  of  the  snme  general  type  as  those  of  the 
d  Afacrm/urium.  Anrylolhrnum  also  occurs  in  the  Lower 
me  of  the  isle  of  Samos.  I^fti^fon  has  been  provisionally 
■d  by  Dr  Schlosaer  lo  the  next  family.  AforDfus,  from  the 
Fork  of  Kanus,  and  Mornlhei'ium,  from  the  Miocene  of  the 
d  States,  which  were  described  by  Professor  Marsh  as  liden- 
are  probably  closely  allied  to,  if  not  identicjil  with,  either 
^htrium  or  An£ylotheniim.  Finally,  the  imperfectly  known 
ydiattttnaMherium,  from  the  Kocene  of  Hungary,  is  probably 

B(c<Mr  Cop«  hu  reotntir  propMod  to  make  CAaiktl^rinm  ihv  type  uf  n 
onl^r  wuui  tbe  iMme  of  Ancylopoda. 


Iheriida,  that  I>r  Schlosscr  has  propo&ctl  to  unite  ' 
pfcsvnt  rami))-  at  tva&t  the  founh  upper  premc 
columns,  and  is  thus  a&  complex,  as  the  true  nu 
forms  of  which  the  limbs  are  known  there  are  foar  i 
posterior  digits.      Ihe  third  trochanter  of  the 
I'aired  bony  pmtuheninces  may  lie  present  in  the 
of  the  skull     111  Dipiacvdffit,  of  itie  Eocene  of  Nc 
the  fourth  upper  premolar  is  as  coinplex  u  tfal 

canines  arc  as  large  as  in  Paiaotyops;  the  int 

and  ihc  skull  has  no  bony  protuberances. 

The  tyije  genuN  Tttamttkerium,  wliieh  Messrs 
consider  should  include  MencjHs  (picocoJ|Mcd),J 
tfifherium,  Diconodim,  and  proljably  Syndxfrodotiy' 


Fit.  IM9-— I<a(l  birni  upMi  af  the  cnnium  of  TUttmMlL, 


Miocene  of  North  .\01crica,  and  comprises  ani» 
and  it  is  provable  that  the  forms  recently  de 
Marsh  under  the  names  of  Alh'ps,  Srvnt&pj  (fig.  l) 


1  premolars  are  alike,  the  incisors  are  Kmalt,  and  in 
tha  full  dentition  there  is  no  diastema  :  while  in  the 
he  canines  are  small.     The  cranium  (fig.  1149)  is 


Family  Macrauchenhd.-e. — Here  may  be  p 
able  family,  which  presents  extremely  generaliset 
vertebrae  and  limb-bones,  such  as  are  unknown 
bers  of  the  suborder,  on  which  account  some  wri 
not  to  be  included  in  the  Perissodactyla.  In  t) 
ehenia    from    the  Pleistocene   of  South   Ameria 

/  ?,  C.  \,  Pm.  1,  j»/:  3 ;    the  cheek-teeth   are 

3  '  4  3 

structure,  the  upper  molars  showing  two  externa 
surfaces  and  two  transverse  ridges ;  while  there  i 
diastema  in  the  lower  jaw.     The  cervical  vertel 
of  the  Camtlida  in  the  position  of  their  arterial 
articulates  with  the  calcaneum  (as  in  the  Artiot 
are  three  digits  in  each  foot,  of  which  the  lateral 
size.     The  incisors  have  a  deep  coronal  infolding 
in  the  Equidte;  and  Dr  Hermann  Burmeister  thir 
was  produced  into  a  short  proboscis.     The  type 
chonicha;  an  allied  form  from  the  infra-Fampean 
named  by  Bravard  Palaotkeriutn  paranense,  is  n 
meister  to  this  genus,  but  has  been  made  the 
genus  by  Dr  Ameghino,  under  the  name  of  Seoi 
vardi.     M.  minula  from  the  same  deposits  is  i 
writer  the  type  of  Oxydontotherium ;  and  the  n; 
applied  to  yet  another  form  from  the  same  area, 
noticed   Tkeosodon  from  the  above-mentioned  i 
placed  by  Dr  Ameghino  in  this  family,  although 
Jiomalodontotherium,  which  is  also  placed  here  b; 

SuROHDP-R  3-  ToxoDONTlA. — This  group  incl 
verj-  aberrant  and  generalised  Ungulates  from  the 
America,  which  present  affinities  to  the  Perissoda 
and  Kodontia,  and  consequently  render  it  almost 
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fH>wn.     In  TMfidvH,  ol  which  llie  lypc  siwcics  is  of  large 
I  is  round   in  the  Pleistocene  of  Argentina,   ihv  dental  for- 
/.  ?.  C.  -.  Pm.  *,  .If.  ^.     All  the  tctrth  (fig.   1251)  grow 
;        3  '  3         3 

|jcrsis[cnt  pwlps  ;  ihe  lower  canines  are  very  minute,  the  inci- 
irge,  and  the  crowns  of  both  the  Utter  and  of  the  clicck-tceth 
ly  currcd.  The  Mnicture  of  the  latter  is  a  simplilication  of 
in  obtaining  in  A'esoJoH.  The  femur  has  no  ihird  trorhanter, 
tola  articulates  with  the  calcancum,  and  the  rmnium  approxi- 
in  some  respects  lo  that  of  the  SuiJit.  In  the  typical  T. 
v't  the  outermost  upper  inciMr  i&  the  larger  of  the  two,  the 


fc-OnI  uwfacM  of  ill*  nch)  apM'' (aWikI  \Mrr(*yUr>iitlan  of  ruaJM  RttrmuitNri  i 
mm  PMwocMt  of  tbe  Aii*iitinc  Republic.    Much  nUuced.    e.  The  lower  aniuc. 

■ 

condition  obtaining  in  T.  Burmaiteri  {^g.  i!5i).     From  the 

unpeon  depo&its  l)r  Ameghino  has  recently  desoihed  vari- 

nains  of  allied  forms  under  ihc  names  of  ToxodattMhermm., 

W^-tothtHum,  and  Di/&f>odi*n.      A  mandible  from  the  Teniary 

tltc  Hrmiosa,  in  vVrgcntina,  is  characterised  by  the  triaiigvilar 

f  thr  third  incisof.  and  has  accordingly  been  n;>nied  TrigoiiiiH 

ntcghino,     Dr  Moreno  ttiaics,  however,  that  this  mandible 

to  the  .some  animal  as  the  leeth  descrihed  as  Toxodontothfr- 

Haphd^ntathcrium  ;  and  he  would  adopt  for  their  owner 

Trig^don  as  the  one  which  was  alone  well  defined.'     The 

dible  is  peculiar  in  havin^j  only  a  single  median  incisor, 

on  the  line  of  symphysis,  but  this  is  probably  an  individual 

Dahty.     Apparently  more  nearly  allied  to  Nesodon  (which  IJr 

lino  makes  the  type  of  a  distinct  family)  are  Colpi'don  and 

^<m  ,■  while  other  allied  remains  described  by  the  same  writer 

fie  Tertiarics  of  .\rgcmina  under  the  names  of  /ntenifArrium. 

^UfMatus,  and    Ttmh^thtrium,  arc  referred  lo  two  distinct 

LT  TvPOTHERill>je. — Perhaps  still  more  remarkable  is  Typo- 
«  U  reallj  pmxcupicil  by  llie  e*ilin  TrigfKoJrm  uid  TtumimAm. 
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tkerium  {Metolhfriunt)  from  the  infra-Pampcan  beds  of 

in  which  the  denlilion  is  /.  -,  C.  -,  Pm.  -,  M.  -.     The 

grow  from  persisl«nt  pulps ;  and  the  structure  of  the  chcek'l 
recalls  that  of  Tcxoiivn.  The  iikuU  (fig.  i3S>)  U  of  ui  U 
late  typ«;  there  is  a  ihird  irochanler  10  the  femur;  anddi^ 


I  4 


^ 


Oiif -luir  iuiumI  tin. 

(which  are  iiiikno"ini  in  any  other  Un^late)  are  present 
peculiar  ^srwa  presents  duiacterft  connecting  the  ToxeAmtiJa 
the  Rodente.     Allied  forms  from  the  infra-Pampean  deposits  of 
iame  region  have  been  dcscrilMrd  as  Profypotkerhim, 
and  Tcmodus ;  while  Pachymcus  from  the  lalcr  Tertiary  of  Mon* 
Hermosa  is  a  raiirh  smaller  form  with  three  premolanL 

SuBORDF-R  4.  CoNHYLARTHRA. — This  gToup  ootnptises  a  Bumbo 
of  very  generalised  Uiigulaiea  ninstly  from  the  Eocefie  of  N**'* 
America,  which  are  grouped  by  Profe>:sor  Cope,  on  acratmt  of  ik( 
structure  of  their  feet,  with  the  Hymroidea  in  a  divi&ton  tascd 
TaxcDpoda.*  Both  the  present  group  and  the  Hyrarotdea  irt 
charactetised  by  the  scaphuid  of  the  car^ius  being  supported  brlfx 
trapezoid  and  noi  by  the  inaL-nuin,  which  carries  ihe  lunar ;  «t"If 
in  the  tanus  ihc  cuboid  articulate:!  proximalty  with  the  tala««» 

^  J'roreuar  Cope  would  bIm  indiMi«  tlie  Prinialct  among  ihc  TMMfiii 
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There  is  but  sliglit  iniitual  interlocking  of  the  carpal  and 
nes  ;  the  stnicture  of  ili«.e  joinik  tteing  dimpler  thiin  in  the 
:bordcrB,  and  lescmbling  ihoiv  of  the  Unguiculalc  orders. 
Condyliinhra  the  denial  formula  is  nearly  alway>i  the  typic;il 
be  cbcek-tccth  arc  brachydont,  and  usually  bunodont,  flUhou(?h 
Df>htxlom.  The  premolars  arc  simpler  than  the  true  molars, 
may  be  tritubciculor  Itkc  those  of  many  Carnivora  ;  the  can- 
d  incisors  frequently  also  recall  thoM-  of  that  order.  The 
Bs  is  peculiar  among  Ungulates  in  having  an  entepicondylar 
n  ;  the  feinur  has  a  third  trochanter ;  the  a-siragalus,  as  in  the 
Ora,  prtsenis  a  uniformly  convex  distal  articular  <iurfacc ;  and 
la  no  anktibr  facet  for  the  fibula  tilhcT  on  ihi:>  hone  or  on 
llcanetim.  The  feet  ucunlly  h:ive  live  dibits,  with  siharply 
d  terminal  phalangeals  :  and  the  radium  and  ulna  arc  distinct. 
luburder  may  be  regarded  as  containing  ihe  ancestral  types 
■rhich  the  Aniodactyk  and  Pcrissodaclyla  have  sprung;,  It 
presents  such  remarkable  signs  uf  atlinity  (especially  in  the 
ire  of  the  tcclh,  the  form  of  the  astragalus,  and  ihe  presence 
foramen  in  the  humerus)  with  tlie  Coniivora,  that  it  seems 
probable  that  we  may  look  u|K>n  the  CondyLarthra  an  a  hide 
I  frotn  the  original  ancestral  stock  of  the  Clamivora,  which  is 
Dcaxly  represented  hy  the  nunc  primitive  Creodonts. 

iLv  PERimxHrn*. — In  this  the  most  generalised  family  the 
ion  Ubunodont;  the  digits  arc  five  on  each  foot;  the  astra- 


y 


:  from  Ihc  FUoco  Eaxim  of  N(V  Htiico.     Two-thinli  attursl  uzc.     isr>ri..i|.  f 


"ias  no  trochlea ;  and  the  premolars  are  very  simple.     In  the 
enus  J'iripiyckitf,  from  the  I>owcst,  or  Pucrco,  Eocene  of  New 

»,  tlie  dental  formula  is  /.  l?-5^,  C.  -.  Pm.  ^,  M.  -,  and  the 

3143 
and  lower  caiiinea  are  small.     The  typical  f,  rhab^dfm 
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<fig.    1*53)  is   characleriscd    by  its  %x'itically  grooved 
Other  genen  from  the  Nonh  American  Eocene  are  /frjKdn, 
fifnas,  AniiofKhus,  Htmitklmis,  /fafifaceityt,  nnd  &foJi>H ;  d 
\he  fourth  may  be  not  sepcuable  frutn  tlie  third     From  iha  I 
|)r  Schlos:«er  rcftArds  the  bunodont  Arttodaru-la  as  dcrmiL 
thinks  a  direct  rtrljt  ion  ship  can  be  traced  from  /Vn//yrAwf  la , 
ikfan,  and  thus   to    ihc   other  Char^potamiia.      Tbc 
short,  and  much  expanded  distally. 

KAMtLv  J*Ht!*\coi>ONTiD*. — In  thw  family  the  brain  {fi|.li 
is  characterised  by  the  extremely  small  siu  of  the  heiniv 


\^-  ) 


F^  ■>]«.— InfErio I,  >.ui«-ior.  ud  left  Uhnl  vpeett  of  Ifcc  1 

(rani  IDE  Luimf  Edmiic  af  Nortk  Anula.    (Alia  C«ve.) 

which  arc  only  one-fourth  longer  than  the  cerclK.-nmn.  aid  Itet 
indicate  a  very  low  type  of  organisadon.  The  family  i*  reaiili 
distinguished  from  the  preceding  by  having  a  proitmal  trochlcit>) 
the  a»itraga1u5.  by  the  longer  neck,  and  less  simple  premobn,  ■'^^ 
are,  however,  diifercni  from  thos*  of  the  following  famity. 
type  genu»  PhtMncodus  (fig.  1 155)  includes  several  species  framl 
Puerco  and  W'asatch  I-Jacene  of  North  America,  VArying  fwn 
size  of  a  smalt  terrier  to  that  of  a  leopard.  The  dcnta]  Mrrtm-'oK-^ 
prises  the  full  typical  niimlwr ;  and  although  the  croHTis  of  the  ufpJ 
true  molars  are  of  a  bunodont  struciiire.  yet  they  couW  be  roidiK 
roodilied  into  the  lophodoni  type  of  //yraealJurimm,  and  vr  mui 
probably  regard  the  latter  as  a  direct  descendant  of  ihc  prtxiJ 
genus,  with  perhaps  the  inlervention  of  SytUmadam.  Pro(t:^s« 
Kiitimeycr  has  dcKcrilicd  some  upper  molars  from  the  VfV^ 
liocciie  of  Switzerland  which  he  refers  to  PAfMOtvJiu,  aUbooc^ 
[hey  arc  much  more  of  a  lophodont  type  than  in  the  AfBcrio' 
species. 

Profesior  Cope  remarks  of  one  of  Ihc  species  of  PA^ManyAs  tlui  "-^ 
»i»  of  the  animal  is  about  Iliai  of  a  Bull-dog,  but  the  head  u  tmal'^i 
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and  the  neck  rather  shorter  and  not  nearly  so  robust  The  lim 
about  the  same  proportions  to  the  body  as  those  of  a  Bull-dof^ 
anterior  ones  are  shorter  The  proportions  of  the  parts  of  the  lio 
of  the  fore  and  hind  limbs  to  eacti  other,  excepting  the  feel,  x 
as  in  the  Collared  Peccary.  .  .  .  We  can  thus  imagine  the  Pii 
yor/mam  as  an  animal  of  the  comparati\'ely  slender  build  of  t 
dog,  with  a  head  and  neck  proportioned  more  as  in  the  Racoon,] 
the  rump  more  elevated  than  the  withers,  as  in  the  Peccary, 
resembled  those  of  a  Tapir  or  Rhinoceros,  but  had  an  [additio 
of  short  toes  on  each  foot,  which  did  not  reach  the  ground.  To 
a  tail  much  like  a  Cat's  in  proportions,  and  the  picture  is  comi^ 
diet  the  animal  was  omnivorous,  the  proportions  of  animal  foe 
smaller  than  the  Hogs,  for  instance,  use.  The  food  is  more  likel 
resembled  that  of  the  Primates.  What  means  of  defence  this  spi 
is  not  easily  surmised,  as  the  canine  teeth  and  hoofs  are  not  lar^ 
The  species  represented  in  the  accompanying  woodcut  was 
dimensions  ;  Professor  Cope  stating  that  it  was  intermediate  ii 
twcen  a  Sheep  and  a  Tapir.  Comparing  it  to  an  animal  with  a 
long  tail,  we  might  perhaps  take  a  Leopard  as  a  fair  representati 
remarkable  length  of  the  tail  at  once  shows  a  wide  diffeicnn 
existing  Ungulates.  Professor  Cope,  from  the  structure  of  the 
the  nasal  region,  suj^ests  that  the  bead  may  have  had  a  ihort  | 

Other  genera  from  the  American  Eocene  are  J'iro/agffm 
odon,  and  DiacodexU.  The  former  occurs  in  the  Puerco,  and 
has  but  one  outer  tubercle  to  the  fourth  premolar,  in  plac 
two  of  Phenacodus.  Professor  Riitimeyer  refers  to  this  g« 
from  the  Upper  Eocene  of  Switzerland. 

Family  MENiscoxHERiiDit. — This  family  is  taken  to  inc 
genera  characterised  by  their  lophodont  dentition,  which 
dently  more  specialised  than  the  preceding  types.  By  Dr ; 
they  are  regarded  as  allied  to  the  Chalicotheriiday  and  1 
perhaps  indications  of  affinity  between  the  European  genui 
Hyracoidea.  The  humerus  is  longer  and  less  expanded  th; 
Periptyckidiz,  but  the  number  of  the  digits  is  unknown. 
no  marked  diastema  in  the  dental  series.  The  typical  gem 
cotherium  is  from  the  Wasatch  Eocene  of  New  Mexico,  ani 
acterised  by  its  small  incisors,  and  the  presence  of  two  outer 
the  last  upper  premolar.  Teeth  from  the  Swiss  Eocene  h 
referred  to  this  genus.  In  Hyracodontothtrium,  from  th 
Eocene  of  France,  the  upper  incisors  are  large  and  cur\-ed. 
being  especially  enlarged,  and  closely  resembling  the  corre 
tooth  of  Hyrax ;  the  canine  is  small,  and  resembles  the 
cisor ;  while  the  fourth  premolar  has  but  a  single  outei 
tubercle.     Two  species  are  known  by  the  skull. 

SunoRDER  5.  Hyracoidea. — .A3  mentioned  under  the 
the  Condylarihra,  the  structure  of  the  carpus  and  tarst 
Hyracoidea  is  the  same  as  in  that  suborder,  but  the  termi 
angeals  are  truncated,  and  there  is  an  interlocking  articul 
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I  ihc  fibuU  and  JUtnigatus.    This  suijorder  is  represented  solely 

Euntly  HyradtLf,  oonnining  the  twn  existing  genera  Hyrax 

1156)  and  DtHdrohyrax  ;  both  of  which  are  confined  to  Africa 

ami  are  unknown  in  a  fossil  condition.     The  dental 


of  ihc  adult  is  /. 


C.   °  Pm.  *,  M.  ^ 
o  4  3 


tlicre  are  four 


n ;  ihe  incisors  grow  from  persislenl  pulps,  and  tlie  pattern 
eheck-lc«th  is  of  a  Rhinoccrotic  type.     The  forefeet  have 


nt.  199S1,— l-*Atai«nlai9Mtef ibci)inll«f /OvKxn^Mfic.    KeJuoed. 

.  and  tbe  hind  ones  four  dibits  :  and  the  terminal  phnlangeal» 

in  the  inner  digit  of  the  pes)  have  rounded  liouf-Iike  nails. 

feoracoid  process  of  the  scapula  is  well  developed  ;  there  i<  no 

jndylar  foramen  to  the  humerus  :  the  femur  possesses  a  small 

trochanter :  and  the  tibia  and  Abula  are  distinct. 

IJBORi'KK  6.  AwBLVioDA. — [n  chis  suborder,  which  comprises 

Vngulatej  of  great  bulk  from  the  Eocene  of  Europe  and 

.\merk-a.  the  carpus  (tig.   1157,  f)  13  chnr.irtcri.scd  by  the 

>id  being  t^upportcd  by  the  trapezoid  and  not  by  the  magnum, 

the  lailer  and   the  unciform  support  tiic  lunar ;  in  the  liirsus 

iboid  .inicubtw  with  both  the  calcineum  and  astragalus.     The 

is  therefore  of  a  more  primitive  type  llian  the  tarsu?.      Both 

\\  and  the  tarsal  bones  interlock  to  a  slight  extent  (fig.  1  957, 

the  astragalus  is  flat  (fig.  1257,  c);  the  feet  arc  short,  planli- 

.-ifid  furnished  with  five  digits  ;  and  the  fibula  articulates  with 

mcuin.     The  brain  (fig.   1157,  a)  is  very  small  in  propor- 

[10  the  cranium.     Tbe  cheek -dentition  (fig.  1258)  is  of  a  primi- 

ilophodont  type;  the  crowns  of  all  these  teeth  being  very  short, 

'M-  II.  3  I 
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and  the  upper  true  molars  and  the  hinder  premolars  beaiing  1 
main  oblique  ridges,  which  usually  form  one  or  two  Vs.  tjit 
and  lower  canines  are  always  present  The  pelvis  (as  seen  ui  f| 
12  60)  resembles  that  of  the  Elephants  in  the  enormous  apani 
and  vertical  position  of  the  ilia,  but  is  distinguished  by  the  oiai 
stances  that  the  ischia  do  not  enter  into  the  ventral  s^TDphji 
This  suborder  is  usually  divided  into  three  sections ;  but  a  fv 


KIe.  IJ57.— Oulline  nf  upper  a«pecl  of  cranium  (*),  Ihc  left  iiuniu<  R')>ndpci(e)of  A 
./I'n  a.timiliis :  from  ihe  WasalLh  Eocene  of  Norih  America,  a,  one-fifth,  ■  and  C,  w 
nuuiraL  ^ii^, 

recently  discovered  in  the  Bridger  Eocene  of  North  America, 
namud  EUukoceros^  presents  characters  connecting  the  last  two, 
will  perhaps  render  it  eventually  necessary  that  they  shou!( 
abolished.     Excluding  this  form,  the  characters  of  the  three  sea 

are  as  follows  : — 

'  In  llie  first  TOW  of  carpal  bones  the  one  on  the  right  of  the  figure  i 
cuneifiirm,  tiie  central  one  the  lunar,  anil  that  on  Ihe  left  the  scaphoiii :  i: 
scconii  or  Iuwmi  row  ihc  bone  on  the  right  is  the  uncifomi,  the  central  oe 
inaynum,  and  the  one  on  the  left  the  trapezoid. 
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no.H  A.  Taligkada. — The  astragalus  has  a  head  ;  tliere  is  a 
chanter  10  the  femur ;  and  superior  incisors  me  piotient. 

LT  pA^fIOiA>lllmI^*. — The  one  family  of  this  scttion  is  re- 

by  the  genus  Panfolambda,  from  the  I'ucrco,  or   Lowest, 

of  New  McMCO,  which  ])rc::t.-nts  the  feature,  quite  uniquc 


arttortk  Amcika-    ChM-hall  iMiural  wit.    (Alt«i  Manli.) 

j>ho(1ont  Ungutaics,  of  having  the  upper  true  molars  ^vith 
ibtriangular  crowns  hkc  those  of  the  premolars  of  Coryph- 
1358),  This  is  a  very  important  feature,  rs  showing 
tion&hip  of  the  dentition  of  the  Ungul;ila  to  that  of  the 
^;  and  al»o  a»  indicating  that  those  Ungulates  which  have 
ier  premolars  as  complex  as  the  true  molars,  are  more  .special- 
jm  those  in  which  the  reverse  condition  obtains. 
noN  B.  CoRVPHQDONTiA. — In  this  groiip,  which  Professor 
ienns  Tantodonta,  the  astragalus  hax  no  h«ad;  there  is  a 


-l>*l4Uil  MC1I  «f  ike  aaaiuiB  ti  C*ry^iitUn  Aamn/w  .-  from  ihc  WjuHtdk  E«C«« 
of  Nc*  Mciko.    Two-nliillu  nalural  uk.    (Altti  Cope.) 


trcxhantcT  to  the  femur ;   and  upper  incisors  ate  present, 
fanium  has  no  protuherances,  and  the  development  of  the 
:anine5  is  not  cxce^ive. 
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Famii.v  CoRVPHoiioNTiDA. — Thc  upper  premolars  (fij.  tij 
simpler  thnn  the  true  mulars,  and  there  are  frequently  two  V-4 
ridges  on  ihc  latter.      The  type  genus   Coryphodon  wu  oti|a4 
founded  by  Sir   R.  Owen  upon  a.  lower  molar  ftom  the  LmA 
Clay ;  other  tctrlh  were  subbequently  fouml  in  the  Lower 


i 


■*5 


ti 


f 


tbtb  Continent,  bm  it  was  resen-cd  for  the  di!«-o%VTi«  in  the  ' 
^init  stratii  of  North  America  to  indicate  thc  full  Miuciuie ' 

curious  genus.     Thc  dentition  is  /.  ^,  C  -,  Pm.  -,  M.  - ;  ■« 

3         *  4  3       _ 

structure  of  thc  upper  molars,  cranium,  and  feet  b  exhihttcd  it 
three  accoiniKinying  woodcuts  (figs,  1257-1359.)  Other  fonns 
the  Eocene  of  America  \\A\e  received  the  names  of  Mtl* 


ORDER   UNGULATA. 

»,   Ettac^on,  and    Martttodon ;  hut   further  observations 
quired  lo  &how  whether  all  of  these  are  reaily  distinct  from 
:  genus. 

TON  C.  DiNOCBRATA. — The  third  section  of  thii;  suborder, 
icb  Professor  Marsh  regards  as  entitled  to  rank  ub  u  distinct  aub- 
tr,  is  represented  by  the  now  well-known  Dlnoceraia,  which  are 
llitively  coofined  to  the  Upper  or  Bridger  Eocene  of  North 
erica.  These  animals  were  ponderous  brutes,  nearly  as  bulky 
n  Elephant,  to  which  group  they  present  many  curious  points  of 
mblance.  The  skull  (figs,  ti6i-i36j)  bears  several  large  pro- 
inuioca  i  and  the  upper  canines  of  the  maleii  were  eiiormou&ly 
doped  (recalling  those  of  the  Feline  genus  Afacharodui)^  and 
!  frequently  protected  from  injury  by  a  descending  llange  do- 
ped from  the  symphysis  of  the  mandible,  SlU  is  well  ahown  in  the 
t  of  the  skeleton.  A  peculiar  and  characteristic  feature  is  the 
L  alHcnoe  of  upper  inciM)rs;  while  another  distincti^'C  character 
le  want  of  a  third  trochanter  to  the  femur,  whn:h  thu5  resembles 
Kincsi)onding  bone  of  the  I'roltoscidca. 
AMiLV    UiNTATHBRiiD£. — The  wholc  of  the  meinbeTs  of  the 


k 


tif,  i*4i.— L«A  iMenI  vitwerihc  iVull  o<  UtnliHin'in  min*ii/i :  Fran  the  Bridfcf 
Kocxne  et  Wjrtiinliig.    Much  rcdntcd-    lAlUr  Muab.) 


Ion  may  be  included  in  this  family — the  equivalent  of  the  Tino- 
H4m  of  Professor  Marsh.  Tlic  hinder  upper  premolars  arc  as 
plex  as  the  true  molars,  and  there  b  no  distinci  third  lobe  to 
lut  lower  uue  molar;  while  in  the  hinder  cheek-teeth  of  the 


upper  jnw  tbe  two  trATiiA'erse  ridges  unite  on  (he  toner  I 
the  crown  to  form  n  V ;  another  V,  with  it«  angle  directed  i 
occurring  in  the  corresponding  lower  teeth.  The  leasli( 
genus  is  Saihyofitis,  of  the  lower  {>»rt  of  the  Bridget  E 
which  the  lower  canine  is  separated  ffom  the  indsors,  m 
from  of  the  upper  canine  in  the  normal  manner;  thusO 
the  inorc  specialised  forms  with  Coryphodon.  Antrtber 
comparatiTely  small  size,  distinguished  by  the  absence 
prominences,  is  apparently  also  entitled  to  generic  dtstiol 
has  been  named   Eladwftroi.      The  typioil  fomu,  accl 


Fie.  \*9.-0Uuik,r,mii.  mira^l,:  Iron  (U  Bri^c**  EoonK.    IUd<»rf. 
of  cnnlum  i  >>  Left  niuiii*;  c,  1^  pcL    la  ■  ibc  BiiMIt  tns*  af  iIh  h^  : 
whilt  ill*  oval  bona  on  the  Itfi  of  the  Mcwd  row  I*  Ike  (npooU.    1)m  ' 
ikc  MUacduk    <AAii  Uknli.) 

Messrs  Scott  and  Osborn,  may  all  be  grouped  under 
name  of  Uinia$hmam,  although  thej*  have  been  split  U' 
writers  into  several  genera  under  the  rwmcs  of  Dinactrnt, 
Tinoeeras,  Eobastkus^  and  LoxolofModon.  This  genus  tni 
actcriscd  by  the  presence  of  nasal  tuberosities  (fig.  ijfi 
the  lower  canine  being  approriniaicd  to  the  tncLsors,  w 

sembles  in  structure.      'Itie  dental  formula  is  ttsucHf  , 
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,M.-',  but  according  to  Professor  Cope  tlic  lower  incisors 

i  wanting.  The  genus  may  be  divided  into  a  DinoteratiM 
TifoerrattHt  group.  The  former,  which  includes  Dimxeras 
rtband  Oitotumus  of  Cope,  comprises  the  smaller  forms  from 
pical  Bridgirr.  in  which  the  n;is;i!s  are  not  grciiUy  produced, 
leir  prominences  are  companilivcly  small  (figs.  1261,  1361). 
linj  10  Profcs.sot  Marsh,  the  base  of  the  up|KT  canine  is 
ll,  and  the  lunar  has  a  small  facet  for  articulation  with  the 
tiape/^id  (fig.  1261,  b)  ;  the  neck 
being  comparatively  short.  In  the 
second  gfoup,  comprising  Tinoaras 
of  Marsh,  and  F.ebatiitus  nnd  I.6xa- 
hphodon  of  Cope,  all  the  species  arc 
of  huge  size,  a.nd  have  the  nasals 
overhanging  the  premaxillo:,  with  the 
prominences  very  large  (figs.  1360, 
126a).  'I'hcsc 
species  are  con- 
fined lo  the 
upper  Bridger, 
and  have  llic 
base  of  the 
upper  canine 
hori/.oiilal,  the 
trapezoid    not 


(■r'" 


-V  t^ 


V. 


L^' 


l(4^Ufhl  kural  Mpcct  of  (hi  thuTI 
t»MwB  ttrmmlamil  Irvm  the  ltiul«r 


ling  vrith  the  lunar,  and  the  neck  longer.     The  species,  of 
skull  is  shown  in  fig.  1261,  is  remarkable  for  having  the 


equalled  the  Elephant  in  size,  roamed  in  great  numbers 
of  the  ancient  tropical  lake,  in  which  manyof  them  wen 
lake-basin,  now  drained  by  the  Green  River,  the  mail 
Colorado,  slowly  filled  up  with  sediment,  but  remaine 
that  the  deposits  formea  in  it,  during  Eocene  time,  i 
thickness  of  more  than  a  mile.  ...  At  the  present 
lake-basin,  now  6000  to  8000  feet  above  the  sea,  shows 
erosion,  and  probably  more  than  one-half  of  the  depo! 
have  been  washed  away,  mainly  by  the  action  of  th 
\\'hat  remains  forms  one  of  the  most  picturesque  reg 
West,  veritable  rnarn'oises  terres,  or  bad  lands,  where 
has  carved  out  cliffs,  peaks^  and  columns  of  the  most 
and  colours.  This  same  action  has  brought  to  light  the 
extinct  animals,  and  the  bones  of  the  Dinocerata,  fron 
naturally  first  attract  the  attention  of  the  explorer." 
this  description  recalls  to  mind  the  very  similar  cond 
cene  Siwahk  deposits  of  Northern  India,  where  the  pla 
Dinocerata  is  taken  by  that  of  Proboscidea.  The  Pro 
mention  that  the  first  remains  of  these  wonderful  aniir 
by  him  in  the  year  187a 

In  respect  to  their  structure  the  same  writer  obs- 
cranium  each  maxillary  bone  carried  a  well-develop 
ably  of  the  nature  of  a  hom-core.  The  nasals  suppo 
smaller  hom-cores ;  and  the  frontals  are  developed  behi 
bony  projections,  most  probably  also  of  the  nature  of 
animal  thus  possessed  three  pairs  of  hom-cores,  one  ca 
jaw-bones,  one  by  the  nasals,  and  one  by  the  frontal 
howe^■er,  these  so-called  'hom-cores'  really  supported  h< 
of  the  boms  of  the  Cavicom  Ruminants,  is  quite  a  mai 
and  there  is  much  probability  in  the  view  entertained  b 
that  some  of  them  were  simply  covered  by  callous  intc 

As  regards  the  mental  powers,  Professor  Marsh  rem; 
cavity  of  Uintatherium  is  perhaps  the  most  remarkab 
remarkable  genus.  It  proves  conclusively  that  the  t 
was  proportionately  smaller  than  in  any  other  known  n 
fossil,  and  even  less  than  in  some  reptiles.  It  is,  in  f: 
tilinn  brain  in  any  known  mammal.  In  U.  mimbiie  th 
actually  so  diminutive  that  it  could  apparently  have  be 
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Wt  the  lar([csl  known  mammals.     They  present  the  following 

■^'1  !Ln*nc  features  ;  those  of  the  soft  parts  being,  <if  course,  only 

in  the  existing  spccicii.     The  nose  i.s  produced  inio  a  long 

■  j<rot)06cis  terminated  by  the  nostrils  {fig.  1 364) ;  from  which 

iihc  name  of  the  suborder  is  derived.     The  limbs  are  stout, 

(ifceir  segments  plaeed   nearly  in  a  vertiral  line  (fig.  ta67),  and 

xinial  begment  the  longer.      In  the  second  segment  ihe  two 

nent  bones  (radius  and  ulna  in  Uic  fore,  and  tibia  and  ^bula 


139' 


\^ 


tff.  is^— Skall  or  Ibe  tmtiui  Klc|>h«t  UiUtAai  I'arfiVu).    Ciraily  nducnl.    i.  Tuik-lilu 

the  hind  limb)  are  diittinci.  In  the  carpus  the  scaphoid  is 
3rted  by  the  trapezoid,  but  not  by  the  magnum,  the  Initer 
ting  the  lunar;  while  in  the  tarsus  the  cuboid  articulates 
nially  with  the  distal  face  of  the  navicular,  but  not  with  the 
lus.  In  both  the  carpii^i  and  tarsiu  ihc  component  bones 
nterlock  but  verj-  slightly  ;  the  type  of  structure  of  the  tarsus  Ircing 
one  step  in  advance  of  that  obtaining  in  the  Condylarihra.  The 
feet  (fig.  1 165)  are  plantigrade;  there  are  five  digits  to  each  foot; 
the  utragalu:>  (fig.  1 265)  is  flat ;  the  femur  has  no  third  trochanter ; 
the  fibula  anicukilc^  with  the  calcaneum;  and  the  jugal  forms  the 
middle  of  the  zygomatic  arch.  The  brain  is  of  largt  size  ;  canines 
appear  to  lie  always  absent;  while  incisors,  growing  from  pcnist- 
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ent  pulps,  are  present  either  in  the  upper  or  lower  )» 
males  of  all  the  forms  at  present  known.  The  cheek-teeth  i 
extreme  complexity ;  and  the  true  molars  always  consist  of 
ridges,  which  may  vary  greatly  in  height,  and  may  be  eithi 
nipted,  or  split  up  into  inner  and  outer  columns,  which  n 

more  or  less  alternate  arn 
there  are  never  fewer  I 
such  ridges  in  the  last  mi 
first  true  molars ;  and  the  i 
valleys  may  be  either  ent 
or  blocked  by  accessory  ti 
completely  filled  with  cer 
toes  are  all  invested  in 
integument,  although  fun 
distinct  bread  hoofs ;  ant 
digit  of  each  foot  is  t 
There  are  two  anterior 
entering  the  right  auri 
heart ;  the  stomach  is  sir 
is  a  large  aecum ;  the 
permanently  retained  in 
men ;  the  uterus  has  t^ 
and  the  placenta  is  no 
and  zonary. 

In  the  skull  and  de 
members  of  this  subort 
cidediy  specialised ;  bu 
respects,  such  as  the  s 
the  limbs,  and  the  prese 
venjE  cavae,  they  show 
ralised  features ;  and  thi 
wanting  indications  of 
affinity  with  the  Rodent 
haps  the  Sirenia.  It  wi 
as  we  proceed  that  the  structure  of  the  cheek-dentiti> 
vanced  from  a  comparatively  generalised  type  in  Din. 
an  extremely  specialised  one  in  the  existing  species  of 
and  it  appears  that  this  specialisation  "has  followed  to 
able  extent  a  tine  analogous  to  that  obtaining  in  the  F< 
and  Artiodaclyla,  and  shows  itself  in  the  increased  heigl 
plexity  of  the  crowns  of  these  teeth  and  in  the  final  atta 
nearly  horizontal  and  continuous  plane  of  wear.  From  t 
of  the  cheek-teeth  in  the  more  generalised  membtts  of  tl 
it  may  be  inferred  that  the  action  of  the  molars  of  or 
those  of  the  other  must  have  been  mainly  a  scissor-like 


Fig,  ia^5. — Doii^l  aapcci  of  ihc  Icfi  pes 
of  [he  Indian  Elephant  {Eiefhas  intficuj)- 
Greaily  rcduceJ.  (After  Cuvicr.)  The 
numbers  indicate  ih*  digits.  The  upper- 
most lione  u  the  calcaneutn,  resting  upati 
which  is  the  astragalus.  H-iih  tt«  flat  litiial 
surface.  The  bone  with  a  long  narrow 
dorsal  surface  itnmedialetv  below  the  astra- 
galus is  the  navicular :  while  the  one  sup- 
poninif  the  metalarNaU  of  the  fourth  anti 
fifth  digits  is  the  cuboid. 
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ilc  in  the  more  spixrialiscd  forms  this  action  has  been  con^ 
iaio  3  perrect  grinding  motion."' 

pdvis  of  the  Proboscidca  is  characterised  by  the  vertical 
and  great  expansion  of  the  large  ilia,  and  the  verj'  small 
of  die  ischta  and  pubes,  both  of  which  enter  into  tiie  funuation 
hvaj  short  symphysis. 

■  Proboscidca  make  their  Rrst  appearance  in  the  Middle  Mio> 

Bansan  stage)  of  Europe;  but  we  are  still  unacquainted  wttli 

■m  which  connects  them  decidedly  ^ith  the  other  suborders 

UnguLtta,  although   Oi/io/Atrium  affords  an  inkling  of  how 

I  transition  may  hare  ulcen  place.     The   Ma.itodon:i  piob* 

riginaied  in  Europe,  from  whence  they  travelled  lo  India, 

lerc  gave  origin  lo  the  peculiar  Stegodont  group  of  Ele- 

,  which  are  the   parents  of  the  existing  specialised   forms. 

the  Mstem  regions  of  the  Old  World   it  seems  probable 

ie  higher  Elephants  travelled  Imclc  lo  Europe,  while  they 

{eached  North  America  in  the  Pleistocene  epoch  ;  Mnstodons 

5  arrived  in  the  New  World  during  the  preceding  Pliocene 

Lv  DlNOTHERHDit, — This  family  is  at  present  known  solcly 
genus  ninotkeriitm^  of  which  the  remains  are  found  in  the 


^C— ShulL  Mrf  laMnd  U)w»l  onti  (Ei>k[ptflD  of  ihi  flni  loioir  iruc  no1»  of  Dlm- 
gigmmlrmm;  (ran  ibc  Uppa  Tciilary  eSZurvyt.  All  llu  fifun*  m  ndlKMl ;  ibe 
I  at  >  hnnj  ta»  Ihu  Ihu  of  A. 

ne  and  Pliocene  of  Europe  and  Indix  The  type  species  is 
^ntetim  (fig.  1  266),  originally  described  by  Cuvier,  upon  the 
oce  of  a  tnolar  tooth  from  the  Middle  Miocene  of  the  Orlcan- 
a  gigantic  Tapir,  but  better  known  by  the  cranium  and 


t«<l  from   ihc  wrilec'n   '  Catalogue  of   VoitW   Mamninlin  in   ihe  Brfllsh 
,'  prt.  %t,,  from  which  other  csiracti  have  Klrta<ly  been  made. 


which  there  are  three  in  the  first  tooth  of  the  seri 
and  two  in  each  of  the  others.  The  upper  pi 
the  true  molars  in  having  their  two  transverse  r 
the  outer  side  by  a  longitudinal  ridge,  which  cai 
be  of  the  lophodont  type  of  those  of  the  Tap 
animal  there  were  three  milk-molars  in  each  j: 
the  true  molars  in  structure ;  each  of  the  first  t 
transverse  ridges,  while  the  third  has  three  of  the 
resembles  the  first  true  molar.  The  numbei 
milk  and  true  molars  may  therefore  be  represe; 

Mm.     '-  -  —.  M.    - — '—  :  the  import  of  whii 

2.2.3  3-2-» 

under  the  head  of  the  Elephantida.  Dinaihet 
the  Upper  Miocene  and  the  Lower  Pliocene 
India,  was  probably  nearly  allied  to  the  Euroj 
Family  Elephantid^. — With  this  family  w( 
animals  in  which  the  succession  of  the  cheek-t 
marked  peculiarities  as  to  require  special  notice 
the  existing  members  there  are  normally  six  of 
increase  gradually  in  size  and  complexity  from 
The  last  three  of  these  teeth  correspond  to  the 
aberrant  Ungulates,  while  the  anterior  ones  repi 
milk-molars  of  the  same.  These  milk-teeth  are 
premolars,  but  the  whole  series  of  teeth  is  giadua 
in  the  jaw ;  the  anterior  teeth  being  worn  aw 
absorbed  before  the  hinder  ones  come  into  use 
of  this  arrangement,  and  the  large  absolute  size 
are  never  more  than  portions  of  two  cheek-tee 
each  jaw  in  use  at  any  one  time,  as  is  shown 
cheek-teeth  of  the  existing  Elephants  will  thert 
Mm.  2  +  Mm.  i  +  Mm.  A.  +  M.  i  +  M.  2  +  M.  z  o\ 
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pic  manupu!  dentition  known  in  the  whole  class.      In  nome 
fosfcil  fonns  in  nlik-h   l)ie  structure  of  the  ctieelc-ievth  is 

there  may  be  portions  of  thicc  such  teeth  in  use  at  (he 
■DC      'Vbc  serial  position  of  individual  terth  in  any  one 

tan  be  more  or  Icsts  c»ictly  determined  by  their  absolute 
d  thr  number  of  iranrt'crse  ridges  which  they  carry.  In  all 
of  the  family  there  arc  never  less  than  three  ridges  in  the 
hillc-molar  ar»d  the  first  and  second  Inic  molars  (which  are 
oOectively  spoken  of  as  the  "intermediate  molars"),  while 

true  molar  has  one  or  more  ridges  in  excess  of  the  preced- 
Ih.  Incisors  are  always  present  in  the  upper  jaw  of  malt: 
Ilk,  and  may  or  may  not  be  also  developed  in  the  lower 
Q  transverse  section  the  dentine  of  these  teeth  displays  a 
r  arrai^mcnt  of  decussating  lines,  similar  to  the  "  cngine- 
"  on  the  back  of  a  watch-case,  by  the  presence  of  which  true 
in  always  be  rccognbed. 

eartieti  and  least  specialtsed  genus  of  this  family  is  Afat/adoit} 
b  premolars  and  lower  incisors  are  frequently  present,  and 


r  irKrisors  may  have  longitudinal  bands  of  enamel.     The 
Mrth  carry  transverse  ridges,  which  may  be  entire  or  may  be 
into  distinct  inner  and  outer  columns  with  a  more  or  less 


__  .  Cope  M'j^o-<t  an  arroti);ciRcnt  of  ihc  EUfkantida  differing  from 
^ncullt'  ailcpleil.  'Iliili  the  genus  AftistoJen  \t,  iplit  up  iiiL»  TtlraM- 
^hich  (fure  arc  Imlh  upper  and  lower  miUi,  >nil  ihc  former  havo  an 
Mad;  lytMtJtn,  in  whicti  the  lower  liislit  nrt;  iimally  wsniing,  hul 
have  an  tnamel-banil ;  and  AfailfuiiMt,  m  which  ilieie  ai«  no  lower 
_ . .  jd'baiid  on  ihe  upper  ohm.  EUphm  is  (livideil  Lnio  EnimtH- 
rcprnccicfl  hy  Bltfnut  Cli/ti  (aiijMirciuly  ilic  type  of  Slt£siii^, 
£.  flamjrrai,  and  chnradcrisetl  liy  lln  ]ire»eitcc  of  preniDlara  ; 
'tii«h  u  taken  to  incluile  all  llie  ullict  ipecicli. 
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allcrnate  arringem«il ;  oiillying  tubercles  maj-  he  prejcnt  ifl 
intcn-cning  valleys,  wliicli  are  frequeiUlj-  cnlirely  dcYOid  of  Ci 
and  nn*  iKver  compleidy  filled  by  jl    All  the  "  inietmediate ' : 
usually  have  the  same  numbci  of  ridges ;  this  number  vuyiag  I 
three  to  five,     Tht-  ridges  are  alvri)-*  bisected  by  a  medua 
traversing  the  lon^  axi.'i  of  the  crown  ;  and  the  plane  of  ircu  U  i 
crowns  of  the  teeth  is  oblique,  that  of  the  upper  jaw  {acluuc 


tig.  iXiU—Miutnim  a^miUtin.    Tria  (iiiii|]|  Irl)  luwv  oilk-aiolar  1  I 
Loam  Similikt  vf  IikIm. 

the  outer  to  the  inner  side,  ftud  the  reverse  ohtaininj^  in 
Three  cheek  letth  may  be  in  u^  at  the  same  time,  and  ifaci 
physis  of  the  inandibic  nuy  be  greatly  elongated     The  v« 
the  cranium  (fig.  1367)  is  usually  but  slightly  elevated,  uj 
majority  of  Ungulates  ;  and  in  the  less  specialised  fomu  (as  1 
seen  by  coii\|janng  fig.  ijfi;  with  fig,  1370)  the  proportie 


Fis-  tvia.—>laileif«m  amrtuUilfia.   Vtfik*!  lonsiiudiiul  HatoaoTilMAM  IvmnBil 

Gandiy.) 

entire  skeleton  deport  less  widely  from  the  same  type.     Thr  f 
bus  been  divided  into  two  groups,  according  to  the  number 
in  the  cheelr-tecth.     In  the  first  or  Tnlophndent  group,  the 
oF  complete  ridges  in  each  of  the  three  "intermediate" 
three  {fig.  136S) ;  tlic  ridge-formula  of  the  complete  scries  1 
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beine  represemcd  by  the  ciphers  Mm.  — — -^,  M.  iJ-Ajj*, 

be  noticed  that  in  this  section  the  number  of  ridges  in  the 
land  fourth  milk-molnrs  ond  the  first  tni«  moUr  is  the  »am«  as 
•tkerium. 

\  oTthe  earltesi  examples  of  this  ijraup  la  it/.  auguslhUns  from  the 
Miocene  of  l>oih  Eurnpp  and  India,  of  which  two  lower  cheek- 
nrc  TTprtsentcd  in  plan  and  section  in  fiys,  1368  nnd  1269.  The 
■  .lure  of  Ihese  irieih  15  ^hnwn  in  (he  section,  where  ihe  vslley* 
^  "Jie  low,  interrupted  ridj(Ci,  are  seen  to  be  devoid  nf  cement, 
ElUM^b  |»nially  bloc-ketl  by  outlying  lubcrcteH.  The  imf>erfect  fourth 
pj^e  At  the  hinder  extremit>"  (right  side  of  fipurci)  nf  these  teeth  is 
Ijnaed  Ihe  talon.  The  mnndibubr  syiiiph>'5is  (fig.  1267)  in  this  species 
lu  etongiitcd  and  furnished  with  n  |)iiir  of  incisot-s  ;  while  ihc  milk- 
wbn  were  succeeded  l>y  premolnf^.  Allied  to  this  species  ore  .1/.  /ifA- 
Bmn'i  of  the  L'ppcr  Miocene  *nd  I'liocene  of  Indiii,  and  M.  penttliii  of 


\ 


e  Lower  Pliocene  of  Atlicx.  Hunyjir}-,  S;iinos,  ;iinl  I'crsis.  From  M. 
tgartitl^mx  (here  is  but  a  step  to  llie  riinleiiipiir.-ineoiis.  European  .V. 
Fu/n^if.  in  wliii!h  the  rJd},'e&  of  the  molars  extend  litrai^hi  .icross  their 
mms,  triihoui  outh-ifi);  tubercles  in  (he  vallcyi ;  and  from  (his  species, 
lain,  the  tnini>(ion  ii  easy  to  the  Pliocene  .1/.  itarsoni  of  Europe,  in 
Meh  the  nundibuUr  symphysis  has  become  shortened  in  conie- 
ieiic«  of  the  absence  of  lower  indsors.  A  Inter  offshoot  from  the  sxme 
aach  is  found  in  ^f.  iimeritanui  (frequently  knoM-n  as  M.  gigaHte»ts, 
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or  ohUlieuf)  of  the  Pleistocene  of  Nonh  Amcnca.  Knaainii 
species' (ti^ft.  1270,  1271)  are  exceedifi};))'  ;ihundant  in  die 
'*1iig-Bane-Lick''of  Kcn(uck)',  in  which  region  ihe  ipeoes  su 
the  human  penM.  Althoagh  the  1 
symphysis  is  short,  a  stogie  snull 
occasionally  found  on  one  si<le  of  itaj 
nivmoUrs  had  how^trdisappcstraL'  t 
Tnlnphodont  sjKctes  are  At.  Jiumheliti : 
M.  e^rdilUrum  (andium)  of  the  PlcMM 
of  South  America,  in  both  of  which  (it  M 
verse  ridges  of  ihe  chcck-teeih  art  hd 
into  CAluinns.  The  former  sp«i*>  ^  i« 
guishcd  by  ihc  short  and  cdcntulcd  % 
physis  of  the  iivindible.  Accordis^  M 
rakoner,  the  l.-iiier  had  an  elom.-ated  ma 
wlar  syiTiphysis  and  Inixe  lo»«r  inciiwt ; 
Ur  Burnieister  Mates  that  ihi*  iTfc«« 
ncorrecl,  and  that  ihe  3)-mphyn6  a^f 


Fij.    (tfi  —  OiiU'   vim    <X 
duscd. 


and  tUAkl»S. 


In  the  Tttralof&aJomt  group  the  1 
bcr  of  ridges  in  the  check  -  tedl 
grealer  than  in  tlie  former  group,  there  being  usually  foe 
the  "  inicnitvdiatc  "  and  five  in  the  last  true  molars ;  but  I 
may  be  occasionally  five  in  the  former  and  six  in  the  lat 

complete  normal  ridgc-tbrniula  is,  cherefor«,  jVai.   — ^-,  M\ 

In  thi>  K'^^P  '^i'>if'''^  ap^-tmatsitt  from  tbe  Upper 
Euiopc,  i»  cliaractcriKti  by  the  number  of  accessor)-  tal>e 


ril.  ■ni.—ifiutadJaimmwiuij.  thahurli  talk  u|«r  nltk-BnlM  ;  bqail 
SonriehC™*.     (Afwt  l.j.ir.J 

crowns  of  the  cheek-teeth  (%.  I373)anil  the  somewhat  altemuci 
mcni  of  the  inner  mid  outer  columns  of  thctr  iransvene  ridses,  T 

'  It  appcnn  probable  that  iImk  imUi  m;  oocuioully  bs 
abnonnality. 


the  "  )nt«rmccli.-tte  "  molar*,  and  the  lost  upper  true  molar  (as  in 
;  m^y  have  six  rid);e»  utui  a  hind  ln.Ion  ;  The  blocking  of  [he 

i<f  (he  ahcntAtc  :krT>n)irem<nt  of  iht  inner  and  outer  colijmns  of 
is  well  exhibited  in  the  «-oodcut.     Both  in  lliis  species  and  Af. 

iw>  the  symphysis  of  ihe  mandible  n.  short  nnd  tiisklets  «»  >n 

the  modem  Elephants;  and  the 
Si^^alik  specie*  it  further  charac- 
terised by  the  jjreal  elevation  of 
the  vertex  of  ihc  skull  { fig.  1 374), 
in  whidi  respect  it  al«o  agrees 
with  the  hn  ■  named  K^^up. 
Both  these  specie*  muil  oe  re- 
garded sjs  highly  specialised 
frtmis  which  have  (ii\'erKed  from 
the  line  cunncclinj,'  the  7>v7c- 
pk"JaMl  K<^"P  ^'i'h  the  irtic 
Elephants.  \Vc  may  here  briciiy 
iDcniion  ^f.  ptrimtntif  iitid  M, 
puHJiibUmis  «f  the  Indian  Plio- 
cene, which  show  certain  chamc- 
Icnt  intermediate  iKlwccn  the 
tno  above  -  mcniioncd  species 
and  .1/.  longirostris,  which  «c 
now   proceM   to  notice.      The 

-,    ,     .     . V    i.     M    .■ ,.      I     last-named  species  citcurs  lypi- 

ntly  rtt/aoA.      (Afl.r   Kalcan.r   »n<!       Cally     m     tllC      LowCr     PllOCene 

h"iic-snnd    of  EppcUheitn    in 
Hesaen- Dannalaai.    but     has 
(bund  in  (he  English  Kcd-Crai;.     It  has  an  elon^.-itcd  mandi- 
mphysM  fumiahcd  miih  a  pair  c^  short  incisors  (fig.  >17S),  and 

3  K 


1^— l^t  UktiJ  <ri«w  of  Ihc  ilittll  of 
'     lir.  tram,  ih*  &tv^ik  lliIU  of 


I4CO 
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premolare  are  nearly  always  ahacni ;  -while  ihc  mandibnfafl 
is  nc\'cr  produced  into  a  long  rostrum,  but  usuaUylc 
short  spout-like  channel,  as  in  Tig.  IJ78.     Tlie  ridgts  ctit] 
molars  extend  straight  across  their  ciowns  and  gerwillj  - 
sign  of  division  into  inner  juid  outer  columns ;  there  is  i^ 
certain  (]uanlity  of  ctincnt  in  the  \-alleys  between  the  ridjn.i 
thoNc  s]>ecics  in  whicli  thciic  ridges  liccomc  dcvdojied  into  1 
plates,  the  cement  fonns  equally  tall  Uminx  filling  the  in 
spaces.     In  the  lcas.t  specialised  forms  the  number  of  th«  1 
the  "  inlerinediaie  "  molars  may  be  as  low  as  five  ;  whik 
the  lost  liuc  molar  may  vary  from  sewn  in  the  least  spccii 
upwards  of  tweniy>four  in  ihe  moM  spccialUed  s[>ecies.    FiU 
is  only  in  a  few  of  the  more  geiicraltsed  species  tl»t  the  "  <B 
diate  "  molars  have  an  isomerous  rid(je-forniuIa. 

Like  the  Mastodons,  this  genus  is  divided  into  ivo  pcof 
according  to  the  structure  of  the  teeth.  In  the  first,  or  Anrn^ 
group,  which  is  entirely  confined  to  the  Eastern  parts  of  AeO 
World,  the  numfur  of  ridges  in  the  cheek-teeth  is  compiraim 
low,  and  there  may  be  only  five  or  six  of  sueh  ridges  in  the  "nUi 
raediaie,"  and  from  seven  to  eleven  in  the  last  upper  true  molm. 

The  struaurc  of  ttie  molar*  of  EUphat  CU/ti,  from  the  Pliorene 
India,  Burma,  and  jM|)an,  wliirli  is  the  m(i»i  Kencr:<lised  meowrf* 


Ftfl.  \t3%.—liltfluu  ISJIi.    Tm  ftnl  kit  Mmn  in>r  wOat 
One-lutr  iMinnl  lua.    (Afur  CHft-) 


;bo<al 


f(cnus,  is  shown  in  fig.  1379:  where  it  will  be  seen  thai  thendcnvt 
and  roof-like,  and  that  the  cement  is  contiocd  to  tbcboitDotof  tbeia 
vcninc  vallo*!*.  The  molars  of  this  species  <in  which  pmmbn  • 
developed),  it  »'ill  be  seen,  are  but  one  step  in  advance  of  thooc  cf 
Teualophodont  Mastodons.    In  other  species  of  this  grouhIikft& 
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Ihc  Hdi(cs  of  the  moLin  (fitf.  i28o')bectinte  more  numerous,  and 

i^hil  hiijncr ;  vibilc  the  inicrvcnin);  valleys  aic  more  or  Icsa  com- 

Ulcd  wilh  ccmcQL     The  number  of  rid^ccs  in  the  chcck-lccth 

afwcics  may  be  rcpresenied  by  ihe  fonnuk  Afm.  ; '4    /i^y 
8)_.(?-«)-C9-ii)        ^njgj  sj,p(,ig,  a„  f:   icmbi/rons  and  E. 


(HO). (8- 1 2).  (9-13)- 
.which  aro  found  in  the  Pliocene  of  India  and  the  coimiries  to  the 
I  as  far  as  Japan. 

[la  the  second,  or  EffpJiaiiine,  groups  llie  specialisslion  of  the 
becomes  greater ;  in   all  the  spt-cics  Ihc  riJgt-s  are  so  lall 
;  they  assume  the  a[)pearance  of  pkiics,  hut  there  is  great  varia- 


Vrrtif»l  ■"!!  lon^iiu'lintl  ucrion  of  th«  thin)  Uft  aMMr  Ini* 
I  SiwaJilc  IIilK     Oiit-ttiini  naiunl  tin.    a,CainaDti  K  bUMltl ; 

in  respect  to  their  height  and  number  ;  those  of  the  less  sfiecial- 
fonns  not  being  more  numerous  than  in  E.  itm'gHts.     The 
iipnt  always  completely  fills  the  inicrspates  l>ctwcai  the  ridges, 
tnd  in  the  higher  forms  these  interspaces  arc  extremely  narrow. 

One  of  the  least  specialised  members  of  this  group  is  Eltpkiu plant- 
Jroiu.ftam  the  Pliocene  of  Norihem  India,  of  which  the  section  of  an 
npper  molar  is  teprrsirnicd  in  fig.  1 3S  I.  In  the  teeth  of  this  species  the 
nnnber  of  the  nilges  m  nearly  ihe  same  as  in  A",  iiisigttix;  but,  as  will 
be  \«n  from  the  fijjore,  ihc  ridjfw  have  Iwcoiiic  much  taller  .irri  thinner, 
aod  ihe  ^-alleys  are  completely  tilled  up  with  cement.  Ji  results  from  this 
ttniaure  that  when  the  croi^-n  of  the  tooth  has  become  well  worn  (as  in 
Jthe  anterior  half  of  fig.  12S3;.  its  grinding  aspect  will  present  a  nearly  flat 
marked  by  a  series  of  transierscty  elongated  nii§ed  diski  of 
nel,  ench  enclosine  an  ivlct  of  dentine.  This  sinicttire,  which  is  still 
m  e?(emphlied  in  the  more-worn  molar  nf  the  closely  allied  /;".  nifri- 
naht  (fi^-.  1383),  of  the  Upper  Pliocene  of  Tmrany  and  the  Norfolk 
Forest-bed,"  is  admirably  adapted  for  the  attrition  of  vegetable  matter 
Bg  10  the  inequalities  produced  on  the  surfoce,  due  to  the  variation  in 


'  In  litis  ficnie,  ai  well  ai  in  fig.  tzSi,  the  tooth  is  turned  t)i<  wrong  way 

"rnranU, 
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expansion  of  the  worn  enarnc!-di»ka  oftlie  lidices,  which  thus 
rh  A  loicnj;c-ihipp.    The  nume  of  iliis  spcci«s  m  England  does 
ucnd  northwards  of  Yorkshire,  and  it  ^ocs  as  far  south  as  Algcriai 


tig.  tiMi.—Vpfa Ktokuol /..'ifAai  rnif'iii.i'itjlii. ont-ibictl  natunlmiit;  fTDin  the 

the  »\Xi*A  a.  ittlivtHcus  is  also  found.  Frnm  (h«  molars  of  E. 
juits  there  is  Iwt  a  step  to  those  of  the  existing  Afrifjin  Elephant 
.  1:85),  ID  which  the  cnAmel'diiks  assume  a  still  more  decided  loienge- 


Titr  »t*-~Thc  HCOtHi  rich  I  >ow«i  ItUE  >net*[  uf  KUfiiu  anlijwtt  \  troffl  Ihc  PIcbUKCM 
of  Hntlftnd.     UnC'lhird  nsiunl  mm. 

•- :  and  the  small  E.  tnnaidricmis  and  E.  mtUtensii,  of  the  PIei»to- 
:  civem  and  fissure-dcposils  of  the  Maltese  and  neighbounnt;  is)and», 
:  raore  or  less  closdy  alhed  forms.     The  height  of  ihe  sniiille^l  indi- 


Ptg.  utj.— A  lififci  cfpM  in»  molw  of  RtifitAi  «/ritami  i  Recent.     Aftio. 
One-ihird  nuuril  iln. 

of  Uie  Usi-namcd,  or  "  figniy  Elephant,"  is  estimated  as  DM 
ptatcr  than  three  feel.  Another  peculiar  Klcphiint  is  E.  natna^icui, 
mm  the  t'lasioccceorthc  NarhadaVallcy.  in  Wc§tcrn  India,  and  Japan, 

■  The  hinder  pan  of  ihu  tooth  ii  to  Ihe  left ;  the  potilion  of  ihe  prcccdlii|> 
l^re  beinK  the  re<>'ene. 
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which  is  closely  allied  in  dcninl  characccn  to  E.  oMfifBta, 
guishcd  by  a.  \tty  proniiitcnt  ovcrhnnginK  ndi^e  oo  tbe 
we  may  also  mcniion  f%.  CaJumii,  of  the  i'lciMocene  of  Ctl 
North  Aincrioi,  nnd  £.  armeniacut  from  Aritieaia ;  the  bn 
intctmedi.itc  in  the  iinicturc  of  its  teeth  between  £".  antiquut 
(US,  and  the  liiitcr  between  Ju.pn'Mij;^fuuianA  £•  imiioii.  ha 
not  improbable  that  £.  Cvlumf'i'x',  only  a  variecj'  of  the  Manimo 


■  ';')i, 


Y\k-  iitll.— a  Wr-wom  tlilnl  Ml  i>H«  in»  •«W  of  lb*  Maonutli  (Ab 
vi«a«d  frein  ihc  grindlns  •urfac :  'rotn  th*  PMnoMiw  of  Csrap&    0>w>' 

vfE  have  the  Mammotl)  \K.  ptimigeniHs),  in  which  the  du 
in  tlic  molais  is  represented  l>y  the  high  figures  Mm.  Jvirf^ 

,,/.  <<^iSML4:^g_4l8r??>     .  The  inc«ofs  are  uwally  long,} 
(9-t5). (14-16). (18-37)  '     ^ 

not  very  thick  near  the  siveoluf ;  they  are,  howe\'er,  utbj> 

vuriiUan.     The  molars  (fig.  1186)  ate  relatively  wide  in  pr, 

their  length  ;  their  ridtjei  j 
and  clctcly  packed,  with 
enamel,  and  dentiivc  ver 
plication  of  the  eiumel 
slight ;  tlie  worn  dcntini 
*'cr>'  naiT&w  ;  and  the  * 
characterised  by  llic  extrcd 
of  its  wear.  Vanations  ail 
and  ih<ne  molan  in  which] 
are  thicker  and  leu  Rutof 
the  euutnel  i«  more  plicated^ 
very  closely  to  certain  cii 
£'.  /wtifuus.  The  existfl 
apccies  presents  a  dose  aq 
dental  imd  skeletal  struaut 
m«lar^arc  decidedly  of  a  Id 
ised  t^r'pc.  and  thereby  ina 
the  li>  ing  species  is  not  a  d 
of  the  Mammoth."  This  a 
cohered  uith  a  thick  wootn 
also  with  an  ooter  corcriq 
hair,  by  vrhicli  means  it  waj 
from  the  climautl  riKourtafi 
Crly  regions  o%'cr  which  it  oqcc  roamed.  Remains  of  tlie  Man 
been  fcnind  in  Northern  Ku rope.  Asia, and  America:  and  11 
soil  of  the  hanks  of  the  Siberian  rivers  numerous  carcasses! 


Fit.  t>S7.  — IJlltnl  ri*v  nf  •  tuir-vora 
upt^r  Inic  molai  nf  th*  MaBimcUi.  Aboat 
cn('lfalnlnniiir.\l  ni». 
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yinalty,  it  should  he  mentioned  thai  a   portion  of  a  tsJt  of  i. 

sboscidean,  said  to  have  been  obtained  from  the  Plcistoww  of 
Australia,  has  been  described  as  NoUltphas.  There  are.  howmij 
no  characters  in  this  speamen  to  indicate  its  right  to  generic  ^ 
tinciion,  and  its  reputed  origin  must  be  looked  upon  with  |^ 
suspicion.  I 

Group  Tii.i.odomtia. — Here  may  be  noticed  a  remarkable  gnM) 
of  Mammals  from  the  Lower  Eocene,  of  which  the  position  » Ml 
unsettled.  They  arc  regarded  by  Professor  Marsh  as  constituting  I 
distinct  order;  while  Profec>or  Cope  Kubdi\'ides  them  into  THh 
dontia  and  Tseniodontia,  and  includes  them  in  hi3  order  Bong 
[heria.  A  suggestion  has  also  been  tnade  of  affinity  with  the  Eden 
tales.  These  Mammals,  as  will  be  gathered  from  the  chanodt 
mentioned  belovt-,  present  certain  characters  common  to  the  Unp 
lata,  Roilcntia,  and  Camivora,  but  to  include  them  id  cither  oned 
tho^e  orders  would  render  it  impossible  to  give  an)-ihing  approach 
ing  to  a  definition  of  the  order  so  enriched.  Putting  aside  tlk 
suggestion  of  Kdcniatc  af^nities  as  requiring  further  evidence,  tin 
characters  presented  by  the  Tillodonts  harmonise  with  the  viei 
that  both  the  Ungulates  and  Rodents  have  been  derived  &«bj 
primitive  Camivorouit  ^tock. 

Family  Anchippodontid*. — The  genus  /^wArjyorfwr  ( Tnyww) 
with  which  TUUifurium  (fig,  IJ89)  \s  cioscly  allied  oridentxal,! 


fif.  ivlv.— L«ftUMnilas|wcl  afihetkull  of  TUIrllurnim  fiA'rmt ;  6«a  tWL«««l 
of  KohIi  Anenc^    Dnc-foonh  luuuni  un.    (AA*r  Minh.) 

from  the  Lower  Eocene  of  North  America,  and  apparently  has  tk 

dental  formula  /.  - ,  C.  -,  Pm.  ^  -V:  K     The  lower  chcek-tcetl 
a         I  4         3 
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bk  thoK:  of  Palaotherium,  but  the  upper  Irue  molars  are  of 

iuigular  tritubercutar  type.      The   first   pair  of  incisors   is 

but    the  second    i.s    brge   and   scalprifnrm,   with    persistent 

like   the   inci*ors  of  the    Rodents.      In   many  respecu  the 

On  npproxiiiutet  to  tliai  of  the  Cceodunu  :  the  remur  has  a 

trochanter ;  the  feet  were  five-toed,  with  the  whole  sole  applied 

ground,  and  having  ungual  phalanges  similar  to  tliose  of  the 

The  brain-cavity  is  of  small  size,  and  the  cerebral  hemi- 

s  did  not  extend  over  the  cerebellum  or  the  olfactory  lobes. 

jrbits  are   not  complete,  but  open   into   the  temporal   fossa*. 

les  were  prolnably  present. 

iiLV  Pi.ArvcH<KROP!D*. — The  type  genus  of  this  family  is 
^rops  {Mioiofhus),  from  the  London  Cby,   to  which  the 


ii9fl 


» — Sttitmrr  Stmaiitttri.^Th-c  palaia  and  mandibU:  flam  >ht  WaiaMh  Eooine  l/f 
^  U.S.A.  Twtrlhinli  natural  fin.  «.  L«leral  new  of  niri  of  c»niuni  >i»l  ntwidlblc  : 
■w  of  ricl>i  ha)r*f  yalM*:  f,  Onl  viaw  of  tniiuUblf.    {AAcr  Cop*.) 


American  Esthonyx  (fig-  1 290)  appears  to  be  allied.     In  the 

ic  first  upper  and  the  second  lower  incisors  are  scalpriforra, 

not  grow  from  persistent   pulps ;   the  dental  formul.1  is 

If  Eslhonyx  be  not  allied  to  Plafyeha- 


I  3         3 


fonner  must  con-slitutc  the  type  of  a  family,  which  should 
nown  as  the    Esihonycfadit.     The   genus  Psitlatotherxum,  of 
the  family  position  is  uncertain,  has  the  mandible  of  great 


■I 
■ .  ■    :i 


;.  ,  ^  rAMiLY   ^AUiHouoNTiUiii. — in    i,aiainoaon,    tne 

tv-I'H  ^^^   family  (the  Taeniodontia  of  Professor  Cope), 

•}_"    .■  -     ';  resembles  that  oi  Psittacotherivm ;  there  are  three 

i*-,    '^  of  which  the  second  and  third  are  scalpriform, 

anterior  surfaces  faced  with  enamel ;  and  the  chec 

in  number,  but  cannot  be  differentiated  into  prei 

molars.     There  is  no  diastema,  and  the  cheek-te< 

.'-'':--  to  those  of  the  Rodents  in  their  massive  squared  c 

.  *  >     '  ■  '     ■  also  been  considered  to  show  resemblances  to  thos 

, .    ,..:'.      ■.  tates.     The  second  lower  incisor  is  much  larger  thi 

•  '  *i  ■■■•       K  others,  and  the  mandibular  condyle  is  transversely  < 

*  ■,■  ■'    '.  ■-"  fessor  Cope,  as  will  be  noticed  below,  regards  this  i 
■k  C  TV  ^*  i  especially  P$ittaeotkerium,  as  close  to  the  ancesti 

''.    ^'%^     »  Rodentia,  and  has  also  suggested  their  alliance  t 

■    .  .  ^  ^    . ',  of  the   Edentates ;   Calamodon  is  from  the  Wasi 

*  -1.7-    "  '  Eocene. 

A"^-  ^V  Family  Stvlinodontid*. — Professor  Marsh  ha 

■  '.jJ^'-V"  *'•  family  name  for  the  North  American  Tertiary  g« 

in  which  the  molars  grew  from  persistent  pulps  li 
Edentates. 


■  :>*v 


•  •,  v:  (: 
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CHAPTER    LXII. 

CLASS    J^A  MM  A  LI  A— continued. 

Orders  Rodentia  and  Carnivora. 

OlDER  VII.  RoDEimA. — The  Rodents  form  one  of  the  best-defined 

Otders  of  the  whole  class,  and  are  readily  characterised  by  the  ab- 

■nce  of  canines,   and   their  chisel-like   (scalpriform)    incisors   (of 

■hich   there   is   only  a   single  lower   pair),  separated  by  a  long 

dtastema  from  the  cheek-teeth  (fig.  1298),  and  of  which  generally 

only  the  anterior  face  is  coated  with  enamel.     The  dentition  is 

dijiiyodont    and   heterodont ;    the    incisors   grow    from    persistent 

polps,  and  the  cheek-teeth  may  be  either  rooted  or  rootless.     The 

downs  of  the  latter  are  entirely  adapted  for  grinding,  and  are  very 

frequently  (fig.   1292)  complicated  by  deep  infoldings  of  enamel. 

The  premolars  are  very  generally  either  -  or  — ,  and  the  true  molars 
^.     The  premaxiJlx  are  large ;  the  zygomatic  arch  is  complete,  the 

O 

middle  portion  being  generally  formed  by  the  jugal;  the  orbit  is 
Confluent  with  the  temporal  fossa;  there  is  a  long  diastema;  and 
the  condyle  of  the  mandible  is  antero-posteriorly  elongated,  and, 
through  the  absence  of  a  postglenoid  process  in  the  cranium, 
Capable  of  a  backwards  and  forwards  motion.  The  feet  are 
generally  partially  or  entirely  plantigrade,  and  usually  furnished 
»ith  five  unguiculate  digits.  More  or  less  complete  clavicles  are 
[Jresent,  and  the  acromion  of  the  scapula  frequently  has  a  long 
"ecurving  process.  All  the  existing  forms  are  of  comparatively 
Small  size,  and  most  of  them  are  of  terrestrial  habits.  The  feature 
of  hypsodontism,  which  we  have  already  noticed  under  the  head  of 
the  Ungulata,  attains  its  greatest  development  in  this  order ;  its  final 
stage  being  the  production  of  rootless  cheek-teeth. 

That  the  Rodents  are  connected  in  some  manner  with  the  more 


resemblance  to   lypothtrium  among  the  Toxodoi 
entire  order  distant  affinities  are  indicated  to  the 
shown  by  the  characters  of  the  teeth,  the  acromio: 
and  the  position  of  the  jugal.^ 

This  order  is  well  known  from  the  period  of  t) 
(Oligocene),  while  Decticadapis  apparently  canie 
commencement  of  the  Tertiary,  It  has  not  sufl 
by  the  extinction  of  family  types  at  the  present 
the  gigantic  forms  have  completely  disappeared. 

Suborder  i.  Duplicidentata. — This  suborde 

by  the  number  of  the  incisors,  which  in  the  adult ; 

5.     The  outer  pair  of  upper  incisors  is  very  soon 
I 

pair  being  of  small  size,  and  placed  directly  behi 

pair.     The  incisive  palatal  foramina  are  large  an 

fibula  is  anchylosed  to  the  tibia,  and  articulates  wti 

The  enamel-coat  of  the  incisors  is  not  entirely  ■ 

anterior  surface. 

Family  Leporid-e. — In  this  family  the  number 

Pm.  ^,  M.  ^  ;  these  teeth  being  rootless,  with  tr 

2  3 

folds.  The  clavicles  are  imperfect,  and  the  fore  li 
the  hind  ones.  This  family  includes  at  the  pres 
cosmopolitan  genus  Zepus,  comprising  the  Har 
Existing  species  of  that  genus  have  left  their  red 
of  Europe  and  Brazil ;  while  extinct  ones  are  foui 
Pliocene  of  France  (Z.  Laeosti),  in  the  Siwaliks  of 
John  Day  Miocene  of  North  America.  Palc^lag, 
cene  of  the  tatter  country  is  closely  allied  to  Lepus 
from  equivalent  strata  in  New  Mexico  has  onlv  a  s: 
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(ILV  Lacojiyid^. — This  famity  includes  very  small  Hare-like 
lis,  with  short  ears,  complete  davides,  and  the  fore  limbs  not 

than  the  hinder,     They  arc  verj-  char- 
siic  of  the  mounlains  of  Central  and 
Hem  Aiia,   but  also  occur  in  those  of 
aiKl  North  America.     Their  check- 
resemble  those  of  Lcfms,  but  the  pre- 

X 


are  never  more  than  -,  and  may  be 
to    -  Those  extinct  forms  in  which 


!•   1 991 

lh«    numaiblc  (amir   vitv-i 

from  iha  Lower  Miectn*  ot 

Europe. 


premolara  are  -  have  been  separated  from  the  existing  genus 
nys  as  Jttyfffagus,  and  those  with  only  />i.  .  as  Ti/atwmys,  but 

itappcars  preferable  to  include  all  these  variations  in  the  type  genus. 
The  Pleistocene  of  Europe  contains  remains  of  some  existing  and 
Mfne  extinct  (Z.  sar^ur)  species,  and  the  genus  is  well  represented 
in  the  Tertiaries  of  the  Continent  as  far  down  as  the  Lower  Miocene 
pjpper  Oligocene) ;  the  species  of  the  latter  horiaon  being  Z.  vtrtta- 
wiiatts  (fig.  1291^  the  type  of  Tttattomys,  Fossil  remains  of  this 
genus  have  also  been  found  in  Che  Pleistocene  cave-deposits  of  Port 
Kennedy  in  the  United  States. 

Sl'border  a.  Simp LiciDsNT ATA. — The  incisors  arc  always  -,  and 

te\  the  enamel  confined  to  their  anterior  surface.     The  incisive 
tnina  on  the  palate  arc  of  moderate  size ;  and   the  fibula  docs 
dot  articulate  with  the  r-alcaneum. 

Family  Cay iid.«.— This  and  the  following  five  families  compose 
Ibe  section  Hyitriiffmcrpfui.  T)ie  Cmuida,  which  are  now  exciii- 
lively  coniined  to  America,  have  four  anterior  and  three  posterior 
digiis.  and  in  the  existing  genera  the  crowns  of  the  molars  are 
divided    by  cnamcl-fold!)   into  transverse  lobes ;    the    number  of 

Ibe  cheek-teeth  being  Pm.  -,  M.  *■.      Cavia,  in  which  the  tail  is 

absent,  is  repcescntcd  by  rcaiains  of  several  existing  species  in  the 
Pleistocene  of  the  Brazilian  caves ;  while  CoHirtioivia  is  a  much 
larger  extinct  t>T>c  from  the  infra-Pampean  of  South  America. 
Mitrveaiia,  again,  from  the  Pleistocene  of  Argentina,  presents  char- 
acters connecting  it  with  Cavia  and  the  following  genus.  DoHih^lis 
(or  Cerodon),  in  which  there  is  a  short  tail,  is  also  represented  in  the 
iwuth  American  Pleistocene ;  two  species  being  extinct,  while  the 
third  (/?.  trnti^ta)  may  be  identical  with  the  living  form.  Here 
may  be  provisionally  placed  the  genera  JssUdoramys  and  Nisoctredon 
froai  the  QuCTcy  Phosphorites  and  Lower  Miocene  of  France,  which 


J 
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are  regarded  "by  recent  authoriiies  i«  related  lo  Di'UckJtit, 
formerly  placed  in  the  Theridomyidit.  The  crowns  of  ihar 
arc  venically  divided  by  enamel-folds  into  two  heart-shaped 
Jfydrt>e/ioch(rrus^~x\K  largest  living  Rodent — is  rcpiescnied  i«| 
Brazilian  cavf-dti)osits  by  a  sjK'Cies  prohabty  identical  wiih 
living  Capybaia,  and  also  in  the  Pleistocene  of  Buenos  Ayres 
extinct  one  estimated  lo  liavc  attainiKl  a  length  of  five  fwt, 
a  third  (//.  maxniu)  of  still  larger  dimensions.  An  extinct 
has  also  been  obtained  from  the  Pleistocene  of  South 
and  another  from  the  infra-Pampean  depo&ila  of  ParaDO.  Fton 
latter  deposits  other  forms  supposed  to  be  more  or  ten  ai 
allied  to  the  existing  genus  have  received  the  names  CardisiJknimf 
Prwardititkerium,  Cardtomyt,  and  Cariiiidon  ;  the  latitjr  name  h^ 
however,  been  previously  applied  to  a  Sauropodou^i  I^moaui,^  lad 
is  therefore  inadmissible. 

Family*  Dasvproctida. — In  this  South  and  Central  AnerioB 
family  the  number  of  the  cheek-teeth  U  the  same  as  in  the  laa; 

antl  these  leclh  arc  also  scai- 
rooted,  but  ihcir  crowns  fane 
external  and  intcnial  ciimkI- 
fold*  (fig.  IJ92);  and  iheiifc 
cisors  are  loi^.  The  tjpt 
^enus  Dasyjtrvffa  is  tqxs- 
sontiKJ  by  numeroits  fonm  io 
i'lL-istoccnf  of  the  Braitlian 
.  ;  while  a  C^hgt^yt  ix- 
'  iirring  in  the  same  dcponti 
1^  |iro!>ab)y  identiuil  wiih  the 
living  Paca  (C.pam). 

Kauii-v  CwiNcaiujni.— 

This  third  family  of  .^VmcriciD 

Kodenis  has  the  sanie  dotal 

.'^«,"»t-'^»«"^«*"f"'-'ie'""PP"««l   fomiula   as   the   bat,  but  the 

niolarj  have  eontinuonit  en- 
Bitic'l  ~  folds  extending  ^xiat 
plctdy  across  their  crow-ns,  and  the  hind  limbs  are  much  cloi^ated 
The  genus  Lagostemut  is  represented  in  the  South  American  I'ldit*- 
cene  hy  the  existing  Vischaca  (/„  irkhodaityhs),  as  well  as  hj-  som 
extinct  forms.  Megnmyi  from  the  infra-Pampean  deposits  of  Pit*- 
gonia  and  I'arana  is  the  largest  representative  of  the  order  Jrt 
known  ;  its  bulk  being  estimated  as  equal  to  that  of  an  Ox.  Smtti 
species  have  been  dcseribed,  one  of  which  is  the  t>-pe  of  fm- 
marehut  of  Dr  Burmeister.    Allied  genera  from  the  South  AmencM 


-,..,  unwr  I 

\tnrm  Air.t.\\iBn  ri  DaryfrrcliL  ReutnL  Aingrk«. 
Ttwioolh  ineMhJaironlbc  tiKhiiidtotllK  liKun 
ii  ibt  prnUdUr. 
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are  Epiblema  and  Tefrasly/us ;  one  spedes  of  the  latter 
been  originally  referred  to  Thtridamys. 
,v  Hystricida. — The  Porcupine*  are  well  characterised  by 
ly  covering.  The  number  of  titeir  clieek-leeth  is  the  sonie 
preceding  faoiilies :  and  these  teeth  have  both  external 
tcmaJ  enamel -folds.  .\n  cxlintt  spctics  of  the  American 
^matheres  occura  in  the  Pleistocene  of  [he  Braiilian  caves, 
[species  of  the  other  ^\jncrican  genus  Eriikiton  is  recorded 
Rve-deposits  in  Pcnnsylvaalx  Afkentra  is  found  in  the 
»ne  of  Southern  India.  JJystrix  occurs  in  the  Pleistocene 
Kene  of  India;  in  Europe  from  the  Upper  Pliorcnc  of  the  Val 
down  to  the  Middle  Miof^ene,  and  perhaps  to  the  Quercy 
koriies  :  while  in  North  America  it  is  repajented  both  in  the 
and  the  White  River  Miocene.  Finally,  Mylagauius  from 
cnc  of  the  United  Sutes  may  be  allied  either  lo  Hystrix  or 
'a  (Agouti). 

LV  Castoroidid*. — ^The  gigantic  Cashroides,  of  the  Pleis- 

f  the  United  Stales,  is  now  generally  regarded  as  entitled  to 

X  a  distinct  family  although  originally  placed   in  ihc  Cas- 

Although  presenting  certain  cranial  features  recalling  Castor^ 

tion  comes  nearest  to  thai  of  Chinihiila  and  J/ydrochixrui. 

ttnel  genera  hixomylus  and  Amhiyrhita,  from  the  Pleistocene 

l^lilles,  inuy  probably  be  included  in  the  »aiuc  family ;  their 

B)  presenting  many  resemblances  to  that  of  ChinchiUa.     Cos- 

f  must  have  attained  the  dimensions  of  a  Bear. 

ILV  OcroiiONTiD*. — \Vi[h  ihi-  exception  of  Ctenodaetylus  the 

V  of  the  cheek-teeth  in  this  Hlhiopian  and  South  .\inerican 

p  is  the  same  as  in  the  Hystricida :  ihcst.'  teeth  having:  both  e.x- 

pnd  inlemal  cnamel-fold&,  with  either  imperfect  or  perfect  roots. 

rSouih  American  Pleistocene  we  meet  with  existing  and  a  few 

I  species  of  the  genus  Carierodon,  which  is  characterised  by 

and  grooved  incisors,  and  also  of  Myopotamus  (Coypu), 

nyt,  IJ>MfMfrts,  Phyihmyi,  and  Ctenomys.    Other  forms  from 

th  American  Tertiaries  allied  to  the  latier  have  been  named 

»ys  and  Pilhanotamys  ;  while  Afortma  and  Orthomys,  from 

-Pampean  beds  of  Parana,  and  Tril>odon,  from  Monte  Her- 

rcgarded  as  related  to  Myopginmut.     The  extinct  Ptilt- 

bom  the  Sicilian  Pleistocene,  may  be  allied  both  to  the 

'aOylus  and  the  American  Oilodon. 

ERlDOMYlD.fi. — This  extinct  family  appears  to  be  most 

ted  to  the  preceding  although  connected  by  Archaomys 

e  ChinekiUida.    The  cheek-teeth  number /'w.  -,  M,  ~.      In 


I  One  ■peciet  of  £<hi»oiiiys  occun  in  CcntrLl  America. 
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Fig.  I9g3. — A,  Left  lower  check -tetth  of 
Arckatmyi:  H,  Left  upper  cheeli-Ieelh  of 
Tkiridomys I  c,  Left  Lower  cheelc-tecib  of 
CMalkomjii.  A  and  B  enUixxl.  In  ■  the 
uppennost,  and  in  A  nad  c  the  loweit,  tooth  ii 
the  premolu'. 


Tkeridomys  (fig.   1293,    b)  they   are    rooted,  and  have  three  « 
four  re-entering  enamel-folds,  which  fonn  isolated  disks  on  Ac 

worn  crowns.    This  genus  ocon 
in  the  Lower  Miocene  and  Uppa 
Eocene  of  Europe;  while  ^ 
lophodus  of  the  North  Amtnca 
Miocene  is  closely  allied    frtk- 
eckinomys  of  the  Lower  Mioceae 
and  Upper  Eocene  of  France  h« 
rooted  cheek-teeth   with  aawm 
very   like    those    of   TTuriJti^ 
and  the  living  Eckinomys  (Ail^ 
dontida) ;    while    ArcMaomyi  d 
the  same  deposits  has  the  teetfa 
devoid  of  roots,  with  their  eo- 
amel-folds  continuing  across  the 
crown,    and     dividing    it    into 
laminx  (fig.  1393,  a).    Tnr^mp 
is  a  fourth  alUed  genus  from  the 
Quercy  Phosphorites,  having  cheek-teeth  somewhat  like  those  of 
Tkeridomys,  but  with  laterally-compressed  crowns. 

Family  Dipodid.«. — This  and  the  four  following  families  are  | 
embraced  in  the  section  Myomoipha.     In  the  JXfodida  (Jerbojs)   , 
remains  of  the  existing  Alactaga  jaculm  occur  in  the  Pleistowiw  of 
Europe,  and  those  of  Zapus  {Jaeulus)  hudsotiianus  in  the  correspond- 
ing bods  of  North  America;  while  a  species  of  Platyiercomys  hai 
been  recorded  from  the  Pleistocene  of  Northern  Asia.    The  socalleil 
DiptUdes  of  the  Tertiary  of  Wiirtembei^  is  probably  a  CkalUomsi. 
Family  Gi^omyid^. — The  American  Pouched-Rats,  in  which  the 

cheek-teeth  are  Pm.  --,  M.  -,  are  represented  by  species  of  the  tji* 

genus  Geomys  in  the  Pleistocene  and  Pliocene  of  North  Americi. 
and  also  by  one  existing  species  of  Thomomys  in  the  Phocenerf 
Oregon.  In  the  Miocene  of  the  United  States  two  extinct  genen 
are  .ilso  met  with,  of  which  Entoptyckus  is  allied  to  Thomomys,  and 
has  rootless  molars  and  broad  incisors  ;  while  PUuroUchus  has  roottd 
molars  and  the  incisors  without  grooves,  like  those  of  the  allied 
existing  genus  Heteromys. 

Family  Spalacid.e. — This  Old  World  family  comprises  buiicw- 
ing  Rodents,  with  large  incisors,  and  rooted  molars  ha\-ing  re-entet- 
ing  enamel-folds.  The  only  fossil  representative  is  a  JlAiwmys. 
from  the  Siwalik  Hills  of  India,  which  appears  to  be  closely  allied 
to  the  living  forms  ;  all  of  which  are  characterised  by  the  absence  erf 
premolars. 

Family  Murid-e. — The  Murida  form  by  far  the  largest  family 
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tiie  order,  and  are  mainly  characterised  by  certain  peoiliat  features 
r  the  skulL  \Viih  the  exception  oi  Smint/tus,  i>iciiit)l:iis  arc  want- 
Ig ;  and  the  true  molars,  except  in  the  Austmlian  Hydromyt  and 

.r,    where  they  are  reduced  to  -.are  -  in  number;  while 

ie  lower  incisors  are  laterally  compreaied,  'I'he  molars  may  be 
|oted  or  rootless,  and  cither  brachydont  and  tubcrculatc,  or  hypso- 
^t  with  re-entering  enamel-folds.  This  family  may  l>c  divided 
to  several  sublamilies.  Of  these  the  Critelina  have  the  cusps  of 
e  upper  molars  amtnged  In  two  longitudinal  series;  these  teeth 
tto^  cither  rooted  or  roolIeN«.  This  subfamily,  which  i»  now  the 
icnin^nt  one  in  America,  but  was  formerly  largely  developed  in 
|e  Old  World,  where  it  is  still  found,  appears  to  represent  the 
icbaic  or  geneialised  type  uf  the  family.  In  the  Voles,  or  the 
lore  specialised  Crioctiacs,  the  cusps  of  the  molars  have  become 
odtiicd  into  tiiangular  prisms  alternately  arranged  (fig.  1 294),  and 


>  lift  Bppv  and  luint  niolan  il  ctw  WilchVolc  t/irrlerU  m-^fiMUi. 


!he  roots  are  generally  not  developed,  so  that  the  crowns  are  hypso- 
Sont.  Sij>haeKi,  which  connects  this  family  with  the  preceding,  ia 
Ibund  at  the  present  day  in  Central  Asia,  and  is  represented  by  a 
firing  species  in  the  Pleistocene  of  the  Altai,  and  by  another,  which 
If  esttinct,  in  the  Pliocene  of  Northern  China.  OiArrimla  (^Mt'irotus^), 
ind  I.emmus  (including  Cumeuius),  there  are  numerous  ^pccies  in 
ibe  Pleistocene  of  Europe,  some  of  which  are  ideiilical  with  living 
romu,  while  others  arc  extinct;  the  former  genus  being  also  repre* 
tented  in  the  Forest-bed  and  the  Coralline  Crag.  The  allied  Fibtr, 
at  North  America,  occurs  also  in  the  Pleistocene  of  the  same 
country.     In  the  typical  or  less  specialised  forms,  the  molars  usually 

1  TUt  aune,  u  being  earlier  tlian  Anitch,  b  tdopted  by  trreim]  recent 
whten. 
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have  simple  cusps,  and  are  rooted.  Paeiculus,  from  the  Miocent  A 
the  United  States,  is  allied  to  the  next  genus,  but  has  enamd-Ioldi 
to  the  molars.  Neotoma  is  represented  by  a  species  in  the  PlostO' 
cene  of  the  Pennsylvanian  caves,  which  is  perhaps  not  distinct  ftm 
the  living  Florida-Rat.  The  genus  Cricetus,  typically  represented 
by  the  European  Hamsters,  is  taken  by  Mr  O,  Thomas  to  indade 
the  American  Htsptromys.  It  is  represented  sparingly  in  the  Pldl- 
tocene  of  Europe ;  but  it  is  probable  that  Criatodon  (ZJnA'ou), 
which  ranges  from  the  Quercy  Phosphorites  to  the  Middle  Mioctut 
of  France,  cannot  be  generically  separated.  In  America  fossil  fonai 
occur  abundantly  in  the  Brazilian  cave-deposits,  where  they  hafe 
been  described  as  Htsptromys;  and  it  is  probable  that  we  mot 
include  in  the  same  large  genus  {Criatus)  the  so-called  Eumjsd 
the  Miocene  of  North  America,  The  subfamily  Deomyina  is  only 
known  by  Deomys,  of  the  Congo  Valley,  which  has  upper  molan 
intermediate  in  structure  between  those  of  the  preceding  and  follow- 
ing subfamilies.  The  Murina^  or  more  specialised  Mice,  are  mainlj 
characteristic  of  the  Old  World,  and  do  not  date  back  far  in  time. 
Their  upper  molars  have  the  cusps  or  tubercles  arranged  in  three 
longitudinal  rows  and  well-developed  roots.  Mus,  or  the  cloself 
allied  Awmys,  is  first  known  from  the  Pliocene  Pikemii  beds,  and 
thence  is  found  through  the  Pleistocene  of  Europe.  The  Austnlian 
genera  Hapalotis  and  Mastacomys  are  represented  by  existing  speciei 
in  the  cave-deposits  of  that  country.  The  Indian  Pklaomyina.  hav- 
ing broad  upper  incisors,  and  rooted  mohn 
with  transverse  laminee,  are  represented  in 
the  Pleistocene  of  Madras  by  two  species  of 
Nesoda  identical  with  those  now  inhabiting 
the  same  area.  The  Gerdil/ime  also  han 
laminated  molars  (fig.  1295),  but  the  uppa 
incisors  are  narrow  and  the  hind  limbs 
elongated.  The  existing  Gerbillus  indina 
or^lm'^iibl,?;nd''h,wS  occx^Ts  fossil  in  the  Madras  caves.  TV 
molar-.  (fnUrnwi)  of  Girbuiui   last   molar  in   both   the    upper  and  lo«r 

inatcHS ;  from  a  cave  in  Ma-  ^     »  ■  .  i 

drajL  jaws  of  this  gcuus  has  only  a  smgle  tnu- 

verse  lamina,  as  shown  in  the  figuie. 
lastly  the  SminthintE,  in  which  there  is  a  premolar  in  the  upper 
jaw,  are  represented  by  the  existing  Sminthus  vagans  in  the  Pleisto- 
cene of  Europe. 

Family  Mvoxid.c. — In  the  Dormice  the  number  of  the  cheek- 
teeth is  Pm.  -,  M.  -  ;  these  being  rooted,  with  complex  enanjd- 

folds.  For  palEeontological  purposes  all  the  forms  may  be  included 
in  Myoxiis,  which  commences  in  the  Paris  gypsum  and  Quercy 
Phosphorites,  and  is  represented  in  the  Pleistocene  of  Malta  by  a 
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$  of  the  siae  of  ihc  Guinea-pig.     The  so-called  Braehymys  of 

German  Miocene  appears  to  be  genericaHy  Uie  same. 

As    Myomori^a,  of  which  the  affinities  arc  unccitain,  may  be 

lUoned    Heltstomys,  of  the  North  .American   Miocene,  in  which 

arc  four  lower  cheek-teeth,  and  the  lower  incisora  are  com- 

and  pooved  ;  and  Eemys  (or  Omrgm/an),  from  the  Quercy 

Ikosphorites,  in  which  the  cheeV-leeih  are  /*«.  -,  M.  -.    Coiommyi, 

the  North  American  Miocene,  also  belongs  to  this  section. 
FamiLtV    CASTOBiDiC. — With  this  family   we  enter    the  Scitiro- 


■  ■fit      l*iTirti  jxpacl  *M  th*  r>chf  up|«r  And  Tower  cih«£k^r 
>arr%    TW  lUolli  ui>  lAe  ri|[hi  of  cacti  n^un  <>  1  < 


-^t\.Caaar 


which  ir>cludat  all  the  remaining  Rodents.     I'he  Bcai'crs 

natatorial  Rodents,  with  Pm.    ,  M.-\  the  cheek-teeth  tK:ing 

ii-root«<i  or  rootless,  with  re-entering  cnamcl-folds  (fig.  i39£}. 

•  is  rqjrcscntcd  by  the  cxist- 
Beavcr  in  the  European  Plcis- 
le,  and  by  sn  allied  form  in 
Pliocene  of  (he  Aiivergne ; 
also  occurs  in  the  Miocene 
Nonh  America,  where  it  has 
named  EMattor.  There 
lieen  great  dispute  as  to  the 
lilies  of  the  great  extinct 
vtT  (6g.  1397)  of  the  Nor- 
Fonst-bed  and  Norwich 
Cng,  but  it  is  regarded  by  Mr  Newton  ast  idenitml  with  both  Tro 
gBnihtriitm  of  the  Russian,  and  Diobrotitus  of  Ihe  French  Pleisto- 


Pit  H77,  -  I^i^[^l  nntiH  of  rtw  m^railfcl*  of 
bed.    UBe-(outih  nmunl  liie.    (Aflcr  Owen.) 
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cene.  An  allied  genus  is  Chalicomys  {Steneofiier),  in  whk 
humerus  has  a  foramen,  and  the  molars  {fig.  1193,  c)  are  mo 
tinctly  rooted,  with  shallower  enamel-folds ;  it  occurs  in  Eur 
the  Middle  and  Lower  Miocene,  and  also  in  the  Miocene  of 
America ;  Palteocastor  from  the  latter  deposits  being  app 
closely  allied. 

Family   IscHVROHViDie. — Isc^romys  (with  which    TiiU 
apparently  identical)  is  a  North  American  Miocene  gem 

Pm.  -,  M.^;  haviiw  dental  characters  of  the  Sdurida,  but 

t  3 

wise  resembling  the  Hystridda  and  CaviiiiB,  and  thus  inc 
that  the  sections  into  which  the  existing  Rodents  are  divic 
not  hold  good  for  all  the  fossil  forms.  Pxudetotims  from  th( 
River  Miocene  is  an  allied  form ;  while  Sauromys  of  the 
Phosphorites  is  probably  also  related.  Mysqfis  of  the  North 
can  Eocene,  according  to  Dr  Schlosser,  may  be  the  same  ai 
romys.     Gymnoptychus  (p.  1421)  may  also  be  allied. 

Family  SciuniDiE. — In  this  family  the  cheek-teeth  are 

Ptn.  ~,  M.  ~,  but  in  Sciurus  the  first  upper  premolar  is  often 

The  molars  are  rooted,  and,  with  the  exception  of  Eupttat 
Kashmir,  are  brachydont ;  those  of  the  upper  jaw  usually 
triangular  or  squared  crowns,  with  two  or  more  shallow  infi 


Fig.  1398.— Side  view  oTiheikull  oKCjmtmjt  Ladtvieiamtt. 

enamel  from  the  outer  side  {fig.  1299).  The  Marmots  am 
allies  (fig.  1298)  have  uncompressed  incisors  ;  and  the  type 
Aretomys  is  represented  by  the  existing  A.  marmotta  (fig,  i : 
the  Pleistocene  of  Europe,  and  by  another  species  in  t 
North  America,  PUsiardomys  (with  which  Sdurarms,  Man 
Paramys,  LeJdy,  are  identical)  occurs  in  the  Middle  Tertia 
both  Europe  and  the  United  States,  and  connects  Arctom^ 
Seiurus.     Spermopfulus,  or  the  Sousliks,  has  both  living  and 
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ruf.  —  Pil*ul  Wcw  ef  ihc  riRhi 

(•xxivc.  EuivpT.    The  ivu  iRik  orilifiljthi 
urit  of  liw  ujitifi  Fiiiun  on  Ih*  pcunalarL 


a'cs  in  the  Ptcislocene  of  Europe;  vrKilc  the  nllied  PUshftr- 
^ofki/m  has  been  described  from  the  Qucrcj-  Phosphorite*. 
Iiiong  the  Squirrels,  of  which  the  living  genera  have  compressed 
cbors,  Sa'unts  itself  ranges  down  to  the  Quercy  Phosphorilcs  in 
orope,  and  in  North  vVmenca  occurs  in  the  While  River  Mio- 
me  ;  the  common  existing  .9.  tw/- 
1f*s  being  found  in  the  Norfolk 
prest-beU.  The  recent  nonhcrn 
BOB  Tamitu  occurs  in  the  Pleis- 
Ccne  of  Europe  and  Nebraska  ; 
lile  I*setniasnurttS  and  Sauroides 
e  allied  extinct  gcncm  from  the 
pper  Eocene  of  the  Conlinem,  in 
Kh  of  which  ihc  raolars  arc  more 
DCigaied  than  in  Scuinis.     Gym- 

l^fyekus^  with  .flw.  -,  M.  -,  from 

le  Miocene  of  North  America, 
U  more  complex  molArs,  and 
berebjr  approarhes  Pftromys  ;  while  Meniscomyi  (with  which  A!i^ 

HV   is  apparently  identical),  with  Pm.  ^-,  from  the  same  deposits, 

■resents  toatc  resemblances  to  the  American  Ilaphdontida  (which, 
ike  the  AnomaltiTid<t,  arc  unknown  in  a  fossil  stale),  Sciurvdon 
nxn    the  Quercy   Phosphorites   is   regarded    as  a    closely   allied 

Filially,  we  maj'  here  mention  th«  small  Ikeiicadapis,  of  the 
Lower  Eocene  of  Rheims,  which  appears  to  be  a  Rodent,  although 
il5  affinities  cannot  yet  be  determined. 

OitnKit  VIII.  Carnivora. — Although  the  exiiiiiiiig  Camivora  can 
be  defined  with  fair  exactness,  yet  the  fosiii  rorms  here  included  in 
thii  order  render  iuch  definition  almost  or  quile  impossible.  All 
the  known  forms  are,  however,  unguicubte,  with  never  less  than 
four  digits  to  each  foot,  all  orwhi<:h  hear  claws  ;  and  the  pollex  and 
hallux  are  ne\-er  opposable.  The  dontition  is  diphyodonl  and 
beierodont,  and  (with  the  exception  of  the  canines  of  the  Trkkuhidti) 
the  iceth  have  closed  pulp-cavilits.  The  incisors  are  very  generally 
three  in  number,  the  third  being  the  largest ;  the  canines  arc  strong, 
pointed,  recur^-ed,  and  larger  than  the  ineisors  ;  while  the  first  pair  of 
indsoTs  never  have  an  imcrval  between  them.  The  check -teeth  vary, 
hot  are  usually  compressed  in  the  anterior  part  of  the  aeries ;  while  if 
the  molars  arc  tubcrculate,  they  are  not  complex  and  divided  into 
lobes  by  deep  infolds  of  enamel.  The  condyle  of  the  mandible 
forms  a  transversely  elongated  half-cylinder,  working  in  a  deep 
^eooid  fossa,   protected  by  a  large   poetgknoid  process.      The 
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clavi<!le  is  hctct  cod^ilele,  and  is  fiequently  absent ;  the  ndim 
ulna  and  ihc  tibia  Mid  fib«I»  ate  always  distinct ;  but  ihe 
and  lunar  of  tbe  tsu^s  very  frec|uently  coalesce.     In  a  Lu^ 
bet  of  ca.'se'i  the  humerus  hxs  an  entepicondylar  fonmen. 
majority  of  the  species  t^ubust  on  animal  food.     In  the  mote 
cialised  types  tbcte  is  a  tendency  to  a  reduction  in  the  n 
the  clieek-teerh,  more  especially  \he  true  molars. 

As  in  the  Rodents  and  the  following  orders,  the  mamus  tc 
ceptible  in  most  cases  of  the  movemenia  of  pronation  and 

tion;  the  head  of  the  radius  F 
cordingly  fTcely  movable  in  the 
moid  cavity  of  the  ulna.  Tbe 
extremity  of  the  Litter  bone  ift  shorn! 
the  accompanying  woudrut  in  orda 
exhibit  the  characteristic  features 
ing  in  tbe  unguiculate  orders. 
oWrvations  on  the  phylogeny  of  Ac 
Older  will  be  found  under  the  had  of 
the  Creodonta. 

The  Caniivora  are  diviwhle  into  the 
suborders  I'innipedia,  Camivon  \tn, 
and  Creodonta ;  the  latter  being  line  raoa 
generaliiied. 

Suborder  i.  Pimnifedia. — ^Thiswib- 
order  comprises  the  typical  Scab  (/*• 
a't/ir),  the  A\'alru5cs  <7>v^M*^>.  and 
the  Eared,  or  Fur,  Seals  (OtaHi^r) .  aH 
of  which  mainly  differ  from  the  i}V>^ 
Camix'ora  in  points  connected  with 
&ubaquatic  life.  The  brain  is  it' 
large,  with  its  hemispfaeres  much  cotno- 
luted,  and  broad  in  proponion  to  ihco 
lenyth.  The  limbs  are  *hort,  and  art 
each  furnished  with  five  digits  which  are  connected  by  a  web:  a) 
the  hind  IwX  the  first  and  Iifih  digits  are  stouter,  and  genenHj 
longer,  than  cither  of  the  others.  In  the  PhodJa  the  bind  feet 
when  walking  arc  directed  Ixackwards  parallel  to  the  axis  of  the  bodf, 
but  in  ihc  Otariida,  which  arc  the  Ica^t  aberrant  mcmbets  of  tbe 
suborder,  they  are  turned  forwanK  The  dentition  varies,  but  « 
least  three  kinds  of  teeth  are  always  present.  The  canirtes  are  lOQf 
and  pointed  ;  the  chcck-iccih  (fig.  J  joi^  which  usually  compriK  fbv 
premolars  and  one  true  molar,  arc  not  differcitluicd  into  camaauik 
and  tubcrculars,  but  aK  usually  sharply  pointed  and  often  fumiiho] 
with  fore-and-aft  basal  cusps,  fUthough  they  are  blunt  and  rounded 
in  the  ^V'alrus.     There  is  ;jways  a  diminution  of  the  incisors  lielo* 
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T\f.  luo.— AnMiiar  upMeefthe 
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cal  number  of  ^.     The  milk-leeth  are  very  minute,  and  are 

bed  or  absorbed  at  a  very  early  date.  The  structure  of  the 
I  approxim-iles  to  that  of  the  Bears  and  their  allies.  The 
i[nb-bon«s  present  very  characteriatic  featuren,  which  enable 

be  readily  rccot-nised  in  the  fossil  stale.     No  fossil  forniK 
hitherto  found  which  tend  to  throw  any  light  upon  the 
f  this  suborder ;  but  in   the  reduction  of  the  number  of  ihe 

they  agree  with  some  of  the  Creodonts,  bom  which  group 
gr  be  directly  derived. 
LV  Phocid*. — '["he  number  of  incisors  in  this  family  varies 

n  C/sfff^Aora  to  ^  in  J'Aifea  and  Hatichctnis.  The  best 
fossil  Seals  hare  been  obtained  from  the  Pliocene  Crag  of 


and  h»ve  been  referred  to  ihe  following  genera,  of  which 


r  flf  lb*  l«n  Jmlilion  of /Unvc     R«)u«hI.     I.*II(bu  in  ti(.  ijoi. 


Ihe  first  are  peculiar  to  the  Tertiary,  although  it  may  be 
>n  whether  all  of  them  are  righdy  distinguisheil  from  exist- 
era.  They  comprise  Phwa,  represented  by  a  species  allied 
^Common  Seal  {P.  vUuHtioidts) ;  Calhpkoca  allied  to  the 
(J*.  gramJarulka) :  Platyfhota  to  the  Bearded  Seal 
r,  Phocunella  to  the  Ringed  Seal  {P.  fxiida) ;  Gryp)b?<a 
Jrey  Seal  {Ha/UAams) ;  Palaophom  and  Moiiai/ierium  to 
Seal  {Afonac/tut)  of  the  Mediterranean  ;  Afesaiaria  to  the 
Seal  {Cjslophora) ;  and  Prophota  which  does  not  appear 
to  any  exbting  form.  Remains  of  Ph^ida  in  other 
as  are  rare;  but  a  species  provtsioiLilly  referred  to  the  type 


spects  intenneoiaie  oetween  tne  outer  iwo  lamuK 
tinguished  by  their  enonnous  upper  canines.  Tl 
Tricheehus  rosmarus  occurs  fossil  in  the  Norfolk  F 
allied  species,  T.  Huxkyi,  in  the  Red  Crag  ;  while 
therium  and  Trickeehodon  have  been  applied  to  cl< 
genencally  identical,  forms  from  the  Belgian  Crag. 
Family  OtariidjE. — This  family,  in  which  th 

incisors    is    invariably   -,    is   almost    unknown    ii 

2 

although  some  writers  have  considered  that  cei 
included   in   the  Phocida  should    be    referred 
of  existing  species  of  the  type  genus  Otarta  ha^ 
obtained  from  Prehistoric  or  Pleistocene  beds  in  ] 
also  from  the  Pleistocene  of  South  America. 

Suborder  2.  Carnivora  Veka. — In  the  typi« 
brain  is  relatively  large,  and  the  hemispheres  ai 
always  marked  by  three  or  four  folds.  The  fore 
the  ^rst  digit,  or  the  hind  limbs  the  first  and  the 
than  all  the  rest.  There  is  always  a  more  or  less 
camassial  tooth  in  each  jaw ;  the  teeth  in  front  < 
being  always  more  or  less  compressed  and  poii 
behind  the  same  are  broad  and  tuberculated.  Ar 
the  dentition  of  the  suborder  Creodonta  that  tl 
posterior  teeth  are  the  most  specialised.  The 
(/**i  fig-  1302),  as  being  the  hindmost  of  those 
milk  predecessors,  is  reckoned  as  the  last  premola 
consists  of  an  outer  compressed  blade,  generally  f 
(fig.  1302),  but  occasionally  (fig.  1325)  with  thre 
and  of  an  inner  tubercle  (fig.  1325).  This  tub 
placed  near  the  anterior  extremity  of  the  crown,  a 
size ;  but  in  some  instances,  as  in  Macharodus  { 
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i33»).  hoth  ibc  inner  cusp  of  the  blade  and  the  talon  may  In: 

Ijr  wanting ;  or,  ngnin,  (he  lalun,  as  in  Ursus  (fig,  1309),  may 

excessive  developmeni,  and  the  blade  be  proportionately  re- 

I ;  the  cusps  or  lobes  of  the  latter  being  in  such  cases  placed 

scly. 

such  the  foregoing  terms  are  tho^e  generally  used  in  describing 

isial  teeth,  x  few  •mt>rA%  niay  be  §aid  ns  to  the  serial  homology 

cospt.     Thus,  in  the  nornutl  t>-pc  of  upper  oimassiitl  vrilh  two 


Wm 


M< 


m* 
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I        FIc-  ifo*. — Oiuo  Uicral  ii<*  of  itx  l<fi  d<i>iiii«is  ufilK  W.:K (C*w>  J«^<).     Rnluced. 
i,  Incbcn :  t.  Curina  ;  f,  PnoMtin ;  i*.  l*rUB  nolkn. 

iobe^  to  the  blade  (fig.  i3i8,/«.  4),  it  appears  that  the  inner  tubercle 
represent*  the  protocone  of  the  trituhcrcular  type  (p.  I17S\  the  first 
lobe  of  the  biaac  correspondmjf  10  the  paracone,  and  the  second  to  the 
(BCtacone.  In  ihosc  forma  with  a  irilobed  blade  (fig.  1325),  the  anterior 
lobe  is  X  sapcnidded  element  not  found  in  the  primiiive  type.  In  the 
Imra-r  camassial  («Mnp.irc  fig.  n^J,  p.  ti?;)  ihc  poMcrior  lobe  of  Ihe 
blade,  which  is  realty  external,  is  the  nrotoeonid;  the  anterior  lohc 
[paraconid)  and  the  inner  cutp  (metaconid)  are  both  internal ;  while  the 
tsloQ  is  the  hypoconid. 

With  very  few  exceptioiu,  the  incisors  are  -  in  number.     The 

dJgiU  are  nearly  always  furnished  with  long,  ^iharp,  and  more  or  less 
carved  claws,  which  in  Ihe  true  Cat*  {/v/m)  ain  be  retracted  into 
protecting  bony  sheaths.  In  some  genera,  like  Urtus,  the  whole  of 
the  sole  of  ihc  foot  is  applied  to  the  ground  in  walking  (Jilaitligradf), 
"whtle  in  othen,  like  Canis,  only  the  Icrniinal  digits  are  i^o  used 
[di^tigradt).     As  a  feature  of  some  importance  in  this  suborder, 
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mention  must  be  made  of  the  aH^henoid  canal,  which  is  a  shaft 
bony  channel  situated  in  the  alisphenoid  bone  immediately  on  the 
outer  side  of  the  pterygoid.  The  existing  representatives  of  tt 
suborder  have  been  divided  into  three  sections — the  Arctodo^ 
Cynoidea,  and  ^luroidea ;  but  extinct  forms  show  such  a  compkk 
transition  between  the  three  that  it  is  impossible  to  adopt  any  din- 
sions  of  higher  rank  than  families,  and  scarcely  any  two  writers  agice 
as  to  the  limits  of  the  latter.  It  is,  moreover,  very  doubtful  wbt^ 
the  Arctoidea  is  really  a  natural  group.  When,  indeed,  we  go  bad 
to  the  Upper  Eocene  or  Lower  Oligocene,  where  this  suborder  ii 
first  definitely  known,  we  find  that  Bears  pass  imperceptibly  into 
Dogs,  Dogs  into  Civets,  Civets  into  Hyaenas  and  Cats,  while  Weudi 
appear  to  be  related  to  the  Civets ;  and  the  principles  adopted  in  tk 
classification  of  recent  forms  consequently  fail  to  enable  us  to  make 
any  really  satisfactory  arrangement 

Family  Mustelidje. — This  family  comprises  the  Sea-Otta^ 
Otters,  Badgers,  and  Weasels.  In  all  existing  fonns  the  skull  hM 
no  alisphenoid  canal ;  there  is  never  more  than  one  upper  true 
molar,  and  the  lower  true  molars  are  nearly  always  two,  althoqgli 
reduced  to  one  in  Mellivora.  The  upper  true  molar  has  its  inner 
tubercular  portion  wider  than  the  outer  or  cutting  moiety  (fig.  1306), 
this  feature  being  most  developed  in  the  Otters  (fig.  1303);  and  ^ 


FiE'  ijDj.—PaUlcof  j^D/racijwriM;  India. 

cusps  of  the  blade  of  the  lower  camassial  are  comparatively  low  (fig- 
1308).  The  palate  is  comparatively  wide,  and  the  premolars  aie 
somewhat  crowded  together ;  while  the  auditory  bulla  has  w 
septum,  and  is  usually,  but  slightly,  inflated.  It  is  suggested  by 
Dr  Scott  that  the  Musielida  are  a  branch  from  the  primitive  Vaxr- 
ridtty  and  there  is  considerable  evidence  in  favour  of  this  vie*, 
which,  if  true,  at  once  breaks  up  the  Arctoidea. 

The  existing  Lutrine  section  may  be  palaeontologically  divided 
into  iMtra  and  Enhydra  ;  the  latter  being  a  marine  form  unknown 
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f(K<ii1  State.     The  spedes  of  I.ulra  are  characlerised  by  the 

con&triction  of  the  skull  in  the  orbtlal  region,  and  usually  by 

ire  or  less  squared  contour  of  the  crown  of  the  upper  inie 

',  and  the  great  development  of  the  inner  tubeicle  of  the  last 

premolar,  which  forms  a  cre^c^nluicl  ridge ;  both  \\\cs&  features 

nog  well  shown  in  fig.  1303.    In  the  typical  L.  mtlg;arit  the  dental 

innula  is  /.  -,  C.  -,  Pm.  -,  M.  -,  but  in  some  existing  species  the 

nt  upper  premolar  may  be  absent  {fig,  1303),  and  other  variations 
ccur  in  foMul  foniis.  This  genus  may  be  divided  into  three  fiioups, 
hich  it  is  quite  permissible  to  regard  as  distinct  genera,  and  of 
faich  the  first  and  third  are  extinct.  The  EnAydri^ont,  or  most 
d  group,  comprise*  two  large  otters  respectively  from  the 
c  Sjiniliks  of  India  and  the  Middle  Miocene  of  Italy,  which 
,ed  dimensions  fully  equal  to  those  of  the  existing  /.  brasiiutisis. 
both  these  forms  the  first  upper  premolar  is  absent,  and  in  the 
n  Z.  mvi/entif  the  second  premolar  may  likewise  disappe-or. 
this  species,  moreover,  the  fourth  upper  premolar  or  carnaasial 

1305)  differs  from 
I  of  all  other  oilers 
thai  t]>e  inner  cre!*cerit 
ists  of  three  distinct 
les  ;  but  the  Italian 
i£.  Cdin/atiii  (fig.  1504) 
bonnccts  in  this  respect 
Ukc  Indian  species  with 
the  true  otters.  The 
terpical  group,  which  in-  ^r. '^"'y.";  ""''*"■ 
nodes  all  the  existing 
bms,  is  known  to  date  from  the  Middle  Miocene  of  Europe,  and 
■IsO  occurs  in  the  Tcrtiaries  of  .America  and  the  Indian  Siwaliks. 
3lem»n<:  of  the  existing  /,  vu/garis  occur  in  the  Norfolk  Forest- 
bed  ;  while  the  Siwalik  L.  pttlaindica  is  closely  allied  in  the  »lructurc 
M  its  teeth  and  skull  to  the  living  hairy-no5ed  otter  (Z.  itimatrana) 
xK  Asia.  Finally,  the  Lutrictine  group  is  represented  only  by  L, 
VcUtoni,  of  the  Lower  Miocene  of  the  Continent,  whieh  is  dis- 
tngutshcd  from  all  other  Mustelines  by  the  presence  of  a  minute 
aeoond  upper  tru<*  molar.  This  species  is  also  characterised  by  the 
narrownc&s  of  the  first  upper  true  molar,  and  by  the  cirrumstance 
that  the  anterior  upper  premolars  arc  placed  immediately  behind 
the  canine,  instead  of  being  s<|ucczed  towards  its  inner  side,  as  in 
fig-  1303.  If  regarded  as  generically  dUtinct,  this  form  should  be 
known  as  Potamaifuriitm.  The  Miocene  7'rvchictis  appears  to 
connect  the  Otters  with  the  ^^'cascls. 

Among  the  Badgers  and  their  alUes  extinct  species  of  the  type 


ri([    ijai,  -The  rijht 
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Fl(-  Ija6.—Th«  right  up[vr  uul  i<(t  Imwf  ii«niiiiaii  »f  MtlBrm  ■  i 
fnjm  tlia  flloctnc  of  lattu. 


and  Africa.  The  bist-named  deposits  also  yield  the  extinci 
zforodirn.  Species  of  the  American  germs  Mtphjtii  (Cw 
occur  in  the  I'leistoccne  cav«-depoiits  of  Brazil;  while  Pr»m 
of  the  Pliocene  of  Greece,  is  considered  to  be  allied.  Faltnm 
of  the  Miocene  of  Bavaria,  which  has  been  placed  in 
appears  to  be  Identical  with  I'iverra. 

The  Weasels,  or  typical  rqirescnuiivcs  of  the  famity, 
divided  into  the  existing  genera  Musteia  (including  J^torvit 
and  GaJuiit,  occur  conunonly  throughout   the  higher 

Musttta  (fig.  1307),  in  which  the  prctnolars  vary  from  £ 

the  inner  cusp  of  the  lower  camassial  is  frequentl)'  absent, 
sented  by  numerous  existing  species  in  the  PlcistoceDe  of  ] 
and  by  a  number  of  extinct  forms,  iiome  *A  which  it  has  bo 
po».-d  to  scpamte  under  the  names  q>{  PUmgalt  and  J^aJmgai 
ing  down  to  the  Qu«k7  Phoftphorilea.  A  lar^  species  (fig. 
occurs  in  the  Siwaliks  of  India,  which  was  probably  dooel; 
to  jV.  fiavx^ula  of  the  same  regions ;  and  other  Ur;ge  foc 
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the  Miocene  of  Bavaria,  and  the  Pliocene  of  Greece  and 
while  the  genus  is  atso  rcpre^cnled  by  a  sm:Ulcr  species  in 
cene  of  North  Amenai.  M.  Larttti  of  the  Miocene  of 
■hould  perhaps  be  rererred  to  tiie  African  genus  Ictonyx. 


i^  i)»7.— Risht  Ui»ral  vivw  of  ibt  dtull  of  iha  PDl«ca<  (.Wiu/(£a /vMnu). 

Wtinct  Pksitth  occuni   in    the   Ixvrcr  Miocene  and  Upper 
ne  (0!igoc«ic)  of  Europe,  and  is  characterised  by  the  presence 

prctnolani,  and  the  circumstance  thai  the  temporal  ridges  of 

Ilium  do  not  unite  to  form  a  sagittal  crest,  as  they  do  in 
The  inner  portion  of  the  uppei  true  molar,  as  in  some 

Miocene  species  of  Mustfla  (Pa/ieoga/e),  he- 

oanower  than  the  outer,  and  t!ic  auditory  /^r^^ 
"Is  more  inflated  :  both  ihcsc  features  indical- 
ffinity  with  the  Viv^rrinc  aami  StencpUmtii. 
existing  gcnu.s  Galicfls  of  America  \%  repre- 
I  in  the  PleislOi-ene  of  the  two  di\*isions  of 
iDntincnt :  while  the  Arctic  Ouio  occur&  in  the 
Dcene  of  Europe,  where  remains  of  the  existing 
erine  { G.  lusois)  arc  met  with. 
Ol.v  Procvonio*. — The  Procyowdx  may  be 

10  include  both  the  American  Racoons  and 

aaid  the    Indian  ^iurus,  but   are   of  small 
itological  importance.     ]n  all  living  genera  the  true  molars 

in  number;  and  the  American  forms  have  no  alisplicnoid 

Natua  (Coati)  occurs  fossil  in  the  Pleistocene  of  Brazil ; 
extinct   Cytwnasva,  characterised  by  the  presence  of  three 
Inie  moUrs,  is  found  in  the  older  i'/0'a-Pauipean  of  Pala- 
PntqieH  (Racoon)  is  represenied   in    the  Pleistocene   of 
America ;    while  Leptarciut  from  the   same  deposits,  and 
rj  ftora  the  Pleistocene  of  South  Carolina,  arc  extinct  genera 


Fig.  ijiS.— Upper 
and  outer  vkw  of 
the  Itfl  lower  ar- 

tram  ihe  Pliof«n« 
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connecting  the  present  family  with  the  next  /€hina  is  repre 
at  the  present  day  by  a  single  species  &om  Nipal  and  the  ad 
regions.  In  common  with  the  American  members  of  the  lai 
is  characterised  by  the  second  lower  true  molar  being  longe 
the  first,  and  by  the  absence  of  a  "  camassial "  character  : 
latter.  The  molars  are,  however,  of  an  miusually  complex  chi 
and  the  last  one  of  the  lower  jaw  presents  a  decided  J^i^HTtxii 
to  the  third  molar  of  certain  Ungulates.  The  cmly  fooil  th 
been  referred  to  this  genus  is  a  fragment  of  a  mandible  with  t 
true  molar  from  the  Red  Crag  of  Suffolk.  It  is,  howcRr,  ad 
to  await  further  information  before  admitting  this  detennins 
certain. 

Family  Ursida. — Palseontol(^cally  it  aj^>ears  advisahle 
elude  in  this  family  not  only  the  Bears,  but  abo  the  Dogs  {Ci 
since  the  passage  from  one  type  to  the  other  is  so  complet 
render  it  impossible  to  draw  any  satisfactory  distinction  b 
them.  Although  no  precise  definition  of  this  family  can  be 
the  following  points  may  be  noticed.     With  the  exception 


Fig.  1300. — Ouler  view  ol  the  right  dcniition  of  the  PoUr  Bear  (t/mu  ■Mnfia 
Reduced,    t,  lodion ;  c,  Canine ;  /m,  Piemolan  ;  ■>,  Tmt  nuilan. 


existing  genus  yEluropus  the  skull  has  an  alisphenoid  caniL 
upper  true  molars  are  frequently  two  in  number,  but  they  n 
reduced  to  one  (Icticyon\  or  increased  to  three  {Amphicyori)  k 
( Otocyon) ;  while  the  corresponding  teeth  of  the  lower  jaw  are 
always  three  in  number,  although  they  may  be  reduced  to  t« 
in  Otocyon  are  augmented  to  four.  The  first  upper  true  m 
invariably  placed  behind  the  camassial,  and  the  latter  genera 
two  lobes.  The  upper  true  molars  may  have  either  oblong  ( i 
squared  {ffyanarctus),  or  triang;ular  crowns ;  and  the  talon 
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catnassial  b>  well  developed.     The  auditory  region  mny  either 
a  depressed  bulla,  irithout  an  inner  sejitura  (tarsus),  us  in  the 
MusteJida,  or(Gimtj)  may  have  an  inllalcd  bulla  with  an  in- 
Ipktc  sepluni  apfiroxiniaiing  to  that  of  the  Vivtrrida-.    The  least 


lU^' 


lie.  ■}».— Kifhi  Uural  up«.l  utllictkuU  uf  ilw  OtS'IS««t  {Urua  tftlriuy. 


Forms  have  an  entepicondylar  foramen  to  the  humerus, 
and  a  third  iro»"hanter  to  the  femur.  The  feet  .iie  digjiigrade  in  Cams 
snd  plantigrade  in  Vnut.  In  common  with  the  majority  of  the  Car- 
nirara  Vera,  and  aJso  many  of  the  Creo- 
donta,  the  second  lower  Incisor  ts  thrust 
HI)  above  the  lirtc  of  the  lin>t  and  third. 
U  ihc  t>-|>c  gentis  Urstts  the  dental  for- 

ni«U  is  usually  /.  ^,  C  ',  /"«.  **,  M.  ^. 


Iwl  in  U.  {Miiyrsus)  hhiatus  the  number 
of  the  incisors   is    reduced   to  -       The 


■  tif 


l-n'y 


Word   and   third   premolart  nre   usually 

Ati  At   an   early  a^e ;    the  upper  cirntu- 

iiil  {/m.  4,  fig,  1309)  is  slioMer  than   ihe 

ttii  true   tnolar,  and   lacks   the    markcil 

xctorial    character  which    it   presents   in 

■ost  other  Cami\tira  ;  and  the  upper  true 

Diobrs  are  greatly  elongated,  and  have  Hat 

lulwrtnilated    crowns.     The    foramen    has 

dnappeared   from   the   humerus ;   and   the 

olccianoxi  of  the  ulna  (fig.  131 1)  has  become  very  short;   while 

the  femur  has  no  Uiird  irochiittcr.     Thi«  genus  may  be  regarded 

as  in  some  respects  verj*  specialised,  although  rcWining  generalised 

feature!  in  its  plantigrade  and  peiitedaciyblc  feet.     It  is  of  com- 

vol-  II.  3   M 


He-  1311— Anterior  up^cl  of 
ihv  (nQmiriAl  tilr*rni[y  of  iht 
ticlil  uliia  i4  t'mw  *rttitt. 
One  hill'  njIiLRil  liie.      Lttwn 
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paiaiively  modern  origin :   the  earliest  known  species  btn^jj 
Tktnhaldiy  of  [he  Pliocene  of  India,  which  was  the  ancestor 
existing  V.  hl>iatns  of  the  same  countr>'.     The  list-naincd : 
is  found  in  a  fossil  slate  in  the  caves  of  Madras.     In  the 
Pliocene  of  Europe  *e  have  the  small   U.  ttrusats ;  and 
Pleistocene  of  the  «inic  area  ihc  existing   Euro]>can   Bnnm 
(6'   arftus),  the  allied  or  identical  North  American  Ona^\ 
horribilis),  and  the  liugc  extinct    U.  sftkeus,  or  Catc-Btv 
1310).     I'hc  latter  species  is  characterised  by  the  prominent 
aboTc  the  orbits,  and  the  extremely  fine  tubcrculation  of  its 
its  remains  are  found  in  extraordinary  abundance  in  the 


Fir-  i)il'— Ttbileor.'IrviWArrTaiir  ^iMriVsw:  (rooi  lbs  PhiMDEME  s( 
South  America.     Unr.(eBHb  aMwal  Uh. 

of  the  Continent  Very  noieworthy  is  the  occmrwice  of  ahooW 
remains  of  Bears  in  the  caverns  of  North  Africa,  since  but  OM  ^ 
ing  species  is  found  in  the  whole  of  that  viit  continenL  In  tf* 
Pleiiftocene  of  South  .Vmerica  and  California  x-e  meet  with  ihe  hjj( 
Ar(latk(ri«m  (lig.  1312),  in  which  the  upper  carnassial  is  nrlaii"^ 
longer  than  in  Ursns,  while  the  aornis  (rf  the  irue  molan  re  axw 
nearly  square ;  so  iFiat  its  dentition  serves  to  connect  thai  of  f «"' 
with  that  of  the  next  genus.  .According  to  Professor  Cope  tl« 
Iiumcrus  has  3.  foramen.  The  genus  Jfyrnarctus  occurs  find  inli* 
Middle  Miocene  of  Europe,  where  the  species  arc  of  small  ix 
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fr  'S'sV  ^n*!  "  rcprvscnlcd  by  much  lorytT  forms  in  ihc  Pliocene 

India.  Cliina,  ami  Europe.  In  this  genus  ihc  proximal  cxtremiiy 
the  ulna  (fig.  1300)  has  an  elongated  olceranon  similar  lo  that 
Amphjeyvn  and  Cams.     There  i.s  aI»o  a  third  lobe  to  the  upper 

raft<aial  (wbcrebj  it  resembles  the  corresponding  looih  o{ Nyecna), 

lile  the  fint  upper  true  mobr  is  square 

g.  1314)  ID  one  species,  and  imperfectly 

ioiigular  in  inotlier ;  the  lower  eaTnassi.il 

icmbling  that  of  Canit.     The  small  //. 

Ukra^itis  of  the  Middle  Miocene  of  Italy 

ay  be  identical  with  II.  minutus.     Before 

Kidng  the  forms  conncctmg  tJyanardut 

ilh  CaniSf  we  must  mention  t>omc  cxiinct 

siefa  more  or  less  nearly  allied  to  the 

«aent   giuup^    and    which    IJr    Schlossei 

u  regards  ss  related  to  the  PrDcyoniiiir. 

aoi^  these  are  Simofyen  {I^seuJacym  or 

Utarrtus)  of  the  Pliocene  of  Greece  and 

lunguy,    in    which    the    number  of  the 

hcck-ieeih  is  J^.  /—.-,  ■^-  -  j  and  £it- 

T^ivtymi  (fig.  1315),  of  the  Miocene  of 
lorth  America,  in  which  the  check-teeth 

Bmbcr  J^.    -,  M.  -,  the  cranium  is  very  short,  and  the  lower 

Uittssial  has  a  cutting  talon.      OHx^nis  uf  tiic  Miocene,  and 
imart/us  of  the  Pliocene  of  the  same  country  are  also  more  or 


Fir.  I  )i  I.— Ouier  Mid  pahul 
Bipmii  of  the  tcft  upper  tntt 
ninUn  at  /AwjHrc  tmr  •>»■  lit  i 
l>ani   lilt  Miildle    Mlfxciic    of 


(After  Koken.J 


n(.i|i(.— rinlupv«(4)uid>eOMilImnrri|[1illriH  mo\tr(t)oC //jMurtUu; 
(rum  th«  I'linnnr. 


M  nearly  related  types.  Here  we  may  also  pUce  J/yamnoH  of 
K  Pliocene  and  .-ElurcJon  {Prohyana)  of  the  Pliocene  of  North 
JBerica,  though  IJr  Schlosser.  on  wholly  insufficient  grounds, 
Mid  refer  Ixtth  to  the  Hyanida.     The  former  has  the  molars 
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reduced  to  -  ;  while  in  the  latter  the  upper  camissial  has  ttof, 

lobcB  like  HyiTiarehu,  the  number  of  leeth  according  to  Profcsw.J 
Cope  being  the  same  its  in  Canit,  and  the  humcnis  having  do  (d» 
men.     More  nearly  allied  to  the  HytTHarHus  group  is  CtfhtiBp^ 


•"ii-  1315-— I*ttrnl  uid  ujftT  -rw  cf  snt  half  of  ihi  iruiain  of  Z'a4r^-Hpn  ihwir/ta*- 
(IiMn  the  HioMn*  of  Nanh  Annka.    Ont-'h^ll  nwunlHw.    (AriiF  C-if>.) 

in  which  the  two  upper  true  molars  (ftg.  1316)  become  more  <* 
leu  triangular,  but  the  carnassial  in  Iwlh  jaws  (figs,  1316,  xy\) 
is  comparatively  short,  with  low  cuspij.  This  gcniu,  acronlins  B 
Dr  Schlosser's  emendntion,  is  compa.rativ'elv  ahumlani  in  the  L'ppa 

Eocene  and  lA>wer  Miocene  of  tfce 
Conlinent ;  many  of  ihe  ipectcs  tar- 
ing been  included  bjr  Dr  Ftlbol  ii 
Cynodutii.  Extremely  nor  10  itoe 
species  of  Ifytrnarttu4  in  which  t^ 
upper  true  molun  are  triar^ulir  it  Ac 
gigantic  DiHccfCn  from  the  Mii)<Se 
Miocene  of  Europe,  in  uhiih  Ac 
fllwve  -  mentioned  teeth  bec\>cac  I(^ 
fcctly  triangular  like  those  of  Cam* 
and  wc  may  here  mentioo  Brai^jtli' 
from  the  Upper  Eocene  of  Prance.  The  widely-«pread  genu 
Ampkityott  {m  which  Psendamfkiiyon  of  Dr  Schlosset  may  be  ■ 
part  included)  occurs  in  Europe  from  the  Upper  Eocene  10  ik 


Fi, 


^'■_ 


■  i^j  f.njf  Ufl  u^p*r 


Upp«r  KocHia  ««  Fiji 
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Miocene  of  Europe,  and  is  also  found  in  the  Pliocene  of 
the  forms  from  tht;  Upper  Eocene  of  North  America 
nidi  have  been  referred  lo  il,  are  regarded  by  Dr  Scolt  as 
OittiDCt,  and  have  been  named  DaphiAtus.  Its  lectli  closely 
rocmblc  ihosc  of  Canis,  but  theie  are  ihrt-e  upper  true  molars  ; 
the  femur  has,  however,  a  third  trochanter,  ihc  feet  arc  planti^^radc 
nd  p«itedact)'Iate,  the  distal  end  of  the  humerus  has  a  foramen, 
lad  the  auditory  bulla  is  somewhat  inflated,  with  cither  a  very 
udunentary  or  no  septum.'  This  genus  has  therefore  the  dentition 
ifi  Dog,  coupled  with  limhs  more  like  those  of  a  Bear;  ajid  it  is  a 
itrious  cotnnaent  on  the  attempt  to  maintain  ihe  families  Ciinida  saA 
that  white  J'rofessor  Flower  places  Aiuphuyan  in  the  former, 
chlosscT  refers  it  to  the  latter.     Tliis  genus  is  e\'idenl]y  a  very 


Tig.  141;.— It«lii  I 


c(  llw  najidibU  o\  Ctfkaletak 
Uppar  EuCiiw  of  )  RtiK«. 


trcrirt^ra  ;  TmB  ibi 


^ _     .-^k 

L 

fneialised  fonn,  fiom  which  many  others  may  have  been  derived, 
la  Canity  comprising  the  Dogs,  Wolves,  and  Foxes,  the  dental  for- 

nda  is  normally  /.  i  C.  -.  Fm.  -,  M.  -.   but     in    some    forms 

'  3143 

(0«a)  the  lower  true  molars  may  ho  reduced  to  two,  and  in  oiliers 

{£f(wwj)  there  arc  but  three  lower  premolars,  while  occfl-sionally  the 
ted  upfwr  true  molar  is  reiainod.  The  characteristic  features  of 
At  teeth  ue  shown  in  figs,  1302  and  1318  ;  but  it  maybe  observed 
Cat  the  relative  length  of  the  cam.i!(sia]  and  the  degree  of  obliquity 
of  the  cuap-line  in  the  lower  caniabsial  varies  in  different  species; 
lb  most  specialised  forms  showing  the  greatest  development  of 
Ihesc  features.  The  tliird  lower  premolar  lias  a  hinder  hasLtl  cusp 
^ich  is  usually  wanting  in  Amphicyim  ;  tin.-  humerus  has  no  fora- 
Qai  i  the  femur  has  tost  the  third  trochanter ;  the  feet  are  digiti- 

'The  gnural  cluniciets  of  the  baie  of  the  skull  of  AmfhUyon  \\t  Canoid, 
laTpoujnneUl  aiiil  m.-utoiil  Curaiuioa  it  agreei  with  the  btoit. 
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grade ;  and  the  hallux  is  wanting  in  the  pes.  This  genus  [woiabl^ 
commenced  in  the  Upper  Miocene  of  CEningen,  and  is  widely  dii- 
tributed  over  all  the  world  from  the  Pliocene  upwards.  The  Wolf 
(C.  lupus)  ranges  down  to  the  European  Pleistocene,  and  the  allied 
C.  Cautkyi  is  found  in  the  Pliocene  of  the  Siwalik  Hills.     C.  ami- 


2fm.  1 


HI.  2    m.  1 


pm.  4  pm.  3  pm.  2  pm.  I 


fig.  131S. — Palatal  upcct  of  right  lower  and  npMr  dentilkm  o(  Cumii  *rj;tmliitMi. 
obliiiue  line  in  the  lower  canmrial  ii  the  ctup-liDe.    (After  Huilcy.) 


■n« 


palatus  of  the  latter  deposits  shows  signs  of  affinity  with  the  -Vrican 
Otecyon  (Fennec).  Lyeaon,  now  confined  to  Africa,  and  distin- 
guished by  having  an  anterior  cusp  to  the  last  lower  premolar,  is 
found  in  the  Pleistocene  of  Glamorganshire.  Palaocyon,  of  tbe 
Brazilian  Pleistocene,  is  regarded  by  Dr  Schlosser  as  indistinguid^ 
able  from  Canis.  Temntxyon,  of  the  North  American  Miocene,  ha 
the  talon  of  the  lower  carnassial  secant,  and  a  foramen  to  the  hume- 


Fig.  1319.— Left  ramus  of  the  muidibtc  oTCnM/u-rii /kcsi/nt;  rrom  ibe 
Upper  Eocene  af  France.    (After  Gaudry.) 


rus 


.uo,  while  in  the  existing  American  Icticyon  {Sptothos),  whidi  » 
represented  in  the  Brazilian  Pleistocene,  the  lower  carnassial  ha* 
not  only  a  secant  talon  but  also  lacks  the  inner  cusp.  Perhaps 
however,  the  most  interesting  genus  of  the  whole  group  is  CynoA'^^ 
(in  which  we  may  include  Cynodon,  Ampkicynodon,  and  Patkyi;'^ 
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of  the  Upper  Eocene  and  Ixiwcr  Miorcne  of  the  Contincnl, 
also  of  ihe  Wliite-riwr  Miocene  of  North  Amenca,  where 
ftfaaa  been  described  ss  Gaft^nuf.  Ill  this  genus  the  dcninl  for- 
■Bitb  ts  usually  the  same  as  in  Cams,  but  in  some  cases  (as  in  that 
penus)  there  are  only  two  lower  true  molars.  The  teeth  (figs.  1319. 
lajjo)  resemble  also  those  of  the  Vivfridir,  the  eamassials  being 
\CTy  long,  and  the  cusp-line  of  the  lower  one  transverse ;  and 
humerus  has  a  foramen.  The  auditory  bulla  is  inflated,  but 
ling  to  I)r  Filhol,  has  no  septum.     This  genus  is,  indeed, 


FiS.  tjnv-Lift  luir  cf  iIk  roUtc  af  Cjfmi/iidt  imgirntrU  I  bam  t)w 
Upper  Eoniw  of  Fnncv. 


closely  connecting  the  Ganoids  and  Viverroids ;  and  since  it  is 

pcttv  evident  that  the  flyicmda  and  f<lida:  arc  divergent  branches 

fitunan  early  Vivcrroid  stock  it  is  probable  ihat  Cynodiciis  repre- 

Kal»  a  type  not  for  removed  from  the  one  which   has  given  rise 

fa>  several  of  the  more  !>pecialised  Carnivore;!,  and  iji  itself  derived 

from  Amphitytin,  or  an  allied  type. 

FAutLV  MiACiD^ — -This  family  is  prm-isionally  .-idopied  to  in* 

,  dodc  the  Eocene  genera  Miacis  and  Didymktis,  which  appear  to 

I  le  primitive  fomis  allied  to  Loth  Ganoids  and  Viverroids,  but  which 

hofessor  Cope  placed  among  the  Crcodonta.     Mutds  ( =  UiHta^ycn 

■nd  Viverravui)  occurs  in  the  Upper,  or  Bridger,  Eocene  cf  North 

America,  and  according  to  Ur  Schlosscr,  who  places  it  with  the 

Canoitk,  in  both  the  Lower  and  Upper  Eocene  of  France,     Didy- 

"Hdii  (LimiVHjon),  which  occurs   in   the   Fucrco,  Wasatch,    and 

firidgcr  Eocenes  of  North  America.  U  included  by  T>r  Schlosscr 

ifl  the  Vivtrridtr.     Dromoeyoti  is  noticed  on  page   1453. 

Fa«ii.v  Vivekrid^.^ — The  V'iverroids  are  comparatively  small 
Carnivores,  showing  such  close  aftinilics  in  one  direction  with  Cyno- 
4Utis  among  the  Ursida,  in  another  with  the  Musklida,  and  in  a 
third  with  the  Hyanida  and  the  Filida:,  that  their  accurate  defini- 
tion is  quite  impossible.     The  skull  in  existing  forms  generally 
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has  an  alisphenoid  canal ;  and  the  auditory  bulla  is  inflated  and 
has  a  complete  septum.  There  are  usually  two  true  molars  in  eadi 
jaw,  although  the  second  is  wanting  in  Prionodon.  Those  of  tbe 
upper  jaw  (fig.  132  a)  are  usually  triangular,  and  are  always  narrower 
internally  than  externally,  although  they  may  be  narrow  in  Vivtm 
{fig.  1322)  and  very  broad  in  Paradoxurus ;  and,  except  in  CfT/fr 
procta  are  placed  behind  the  camassial.  The  cusps  of  the  lorci 
camassial  are  generally  very  tall ;  the  premolars  are  spaced  ;  and  tbe . 
palate,  like  the  entire  skull,  is  long  and  narrow.  The  upper  car- 
nassial  is  subject  to  great  variation  in  relative  length.  In  typical 
forms  the  blade  of  the  lower  camassial  has  an  inner  cusp,  while  vs 
cusp-line  is  transverse,  and  the  talon  is  relatively  large.  The  hume- 
rus usually  has  an  entepicondylar  foramen.  The  feet  are  planti- 
grade, and  usually  have  five  complete  digits ;  and  their  claws,  as  a 
rule,  are  comparatively  straight  and  only  slightly  retractile,  and  are 
not  protected  by  a  bony  sheath.  Exclusive  of  Miacis  and  its  allies, 
which  are  here  regarded  as  representing  a  separate  family,  the  (Tnr- 
rid(e  are  characteristic  of  the  Old  World.  The  Oriental  genus  Para- 
doxurus, characterised  by  its  broad  upper  molars,  is  at  present  un- 
known in  a  fossil  condition.  The  more  widely  spread  Htrftski 
(Mongoose)  is  characterised  by  its  narrow  upper  molars,  t^  the 
presence  of  an  inner  tubercle  to  the  third  upper  premolar,  and  of  a 
hinder  cusp  to  the  fourth  lower  premolar.  This  genus  is  represented 
in  a  fossil  state  by  remains  of  the  existing  H.  nipalemis  (fig.  1321) 
in  the  Pleistocene  of  India,  and  by  extinct 
species  in  the  Upper  Eocene  and  Miocene 
of  Europe.  AmphUiis^  from  the  lj)<rer 
Miocene  (Upper  Oligocene)  of  France. 
seems  to  be  closely  allied  to  I'ltvmi.  but 
the  second  lower  true  molar  is  longer  and 
has  two  distinct  roots.  The  ty]K  genu.* 
Viverra  (fig.  1322),  which  has  no  inmr 
tubercle  to  the  third  upper  premolar,  com- 
FiR.  15,.  -The  riehi  ramus     mcnccs  in  the  Upper  Eocene  of  Endand 

of   tht    inaniiiblc    of    l/crfrslrl  ,     -,-  l  wr      rr         . 

nifahniis;  from  >K-  I'lcisio-     and  rrance(K,  UasUngsia  and   (.  an^i- 

ceiie  <^f  Modri-..     All  the  leeih       j'j\_j  -i_-l  \       \ 

ex«|,i  ihc  cam.i«i.ii  .nd  ihe     ttdetis),  and  occurs  right  through  the  iur- 
tanme  ar,  wan.inB-  cccding  Tertiarics  till  the  Lower  Pliocttic 

of  France,  where  it  is  represented  by  I'. 
Pepraxti.  The  latter  Civet,  together  with  other  allied  species  from 
the  Pleistocene  and  Pliocene  of  India,  presents,  however,  cerain 
dental  features  in  which  it  approximates  to  Jctitherium.  The 
Oriental  genus  Prionodon,  in  which  there  is  only  one  upper  tiiK 
molar,  and  the  inner  cusp  of  the  lower  camassial  is  vet)'  small 
while  the  humerus  has  a  foramen,  is  not  known  to  occur  in 
a   fossil   state.      So   far  as   can    be   determined   from   the  lover 
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tlftofirioito^n,  of  the  Quercy  Phospliorilen,  appears  to  be  so 
'  allied  to  Pritim>doH,  that  it  is  bomewhat  ditTicult  lo  see  how 
be  even  generically  separated.  Oosdy  allied  to  Paiaofrwi' 
Sttnofiesktis,  from  llic  sarie  deposits,  in  which  the  tlenUil 

is  /  -,  C.  -,  Pm.  -,  M.  -,   or   the   same   as   in    Vivtrra. 
3         '  4  ' 

[geniM  presents,  however,  decided  indications  nf  affinity  with 


l)>l.  — I*a1*ImI  iWpKI  of  III 


Iikiui  Indin. 


—  Tkfusieloid  Pltsicth.  on  vrhich  acrouni  it  is  ])Iaccd  l>y  Dr 
khbuier,  together  with  Pal^aprhnoJoN,  in  the  same  family ;  but 
b  dentition  and  the  contour  of  the  skull  are  decidedly  Viverrine, 
md,  according  to  Dr  Scott,  the  bulla  has  a  compleie  septum,  of 
«bkh  the  position  is  vi5ii:>lc  externally,  as  in  modern  V'iverrines. 
[t  is,  hovever,  quite  probable  that  we  may  have  in  these  generalised 


fif.  %tty — P-*— -'  WfiKl  uf  il-t  l*ri  VffKi  diniiiion  of  IriilAirium  rriiutmiiif 
(romtht  Plt«me  of  Greox.    (After  Gaiidry.] 


'*n»  the  ancestral  types  of  ihc  Afusttfitf^,  which  from  this  view 
'ill  have  lost  the  septum  of  the  bulla  independently  of  the  Bears. 
^  all  ihc  above-mentioned  genera  the  upper  <:arni.^>ial  has  only  two 
't>ts.  but  in  Jetiifurium  {Thaiassutii)  they  arc  increased  to  three, 
*  in  Hyana.  Ictilherium  occurs  in  the  Lontr  Pliocene  of  Greece, 
''infuy,  and  France;  and  its  upper  true  molars  (fig.  1335)  have 
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become   relatively    smaller   ihan    in     lltvrra,    and  in  ibe 
species  hctve  0  tendency  to  become  placed  on  the  inno 
the  camassial.     The  genus  Cryfiioprocia,  which  is  unknovn ; 
fossil  !itate.  apptoximatei  in  the  character  of  its  dentitkn 
semi-retractile  claws  to  the  Felidcr. 

Famii.v  Hv.tNiu.t, — Tht  above-mentioned  genus  Tdilkeri^t 
withoLl  much  doubt  he  regarded  as  the  anccsiral  tv-pe  of  liiu 
/■(&,  which  rorin  a  family  of  comparatively  recent  origin  and  i 
confined  to  the  Old  ^Vorld.'     The  transition  to  /cfitheritim  sid 


[  ii-il  vii-vr  ?f  lilt  riffhi  hUf  of  lb*  jbIuc  and  richi  m 
i>,j<7/.  v.\.H!a\  ii.ttdhci  wi;!)  »U(W  irinr  BdkiVaw  ' 


I  •rdM'i 


so  close  that  it  is  impossible  to  give  a  distinctti'e  diagnosis  of 
family.  Usually,  however,  there  is  but  a  swingle  upper  tme 
which  is  of  small  proportionate  size,  and  is  {{Knerally  placed  aocCI 
less  entirely  on  ihe  inner  side  of  the  cama^&ial ;  the  latitf 
C^S'  1335)  3l<A'^y$  having  three  distinct  lobes  to  the  bbdc^andl 
wtrll-dc  vol  oped  inner  tulicrclc.  The  lower  carna&nal,  ot  fini 
molar  (tig.  1 3 14)  has  a  very  large  bladCi  and  the  hiod  Xa^oa ' 

>  Thii  b  cucluMv*    of  ^lurtJoH  </W*jvr»M)    ftocl  By^mtym^  wUdi  j 
ScbtoMCf  tntiufen  Aom  Ike  U'lid^  t»  tkU  ivi^'j. 
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jy  small ;  while  ils  inner  cusp,  if  prcscnl,  is  likewise  rdativdy 

There  is  never  more  than  one  lower  molar  (m.  z)  lichind 

iial,  and  if  present  that  toolh  is  very  &mall.     In  the  cxist- 

gcnus  the  humerus  has  no  cnicpicondytar  foramen,  while,  at 

in  the  living  species,  each  foot  has   but  four  digits,  of  which 

iv»  are  non-rclraclilc.     The  mast  generalised  member  of  the 

ly  is  the  genus  Patkyirna,  of  ihe   Lower  Plioeene  of  Greec^ 

e.  and   taenia,  wKich  \\x&  been  included  by  many  writers  in 

thrriitm,  but  of  which  (he  c»ma»&ial  teeth  are  essentially  (hose  of 

%.  Hyxnx  The  denial  fomiula  is  /  ■-,  C.  -,  Pm.  -,  M.  -,  or  the 
I  3143 

fismc  as  in  Vhxrra.  The  first  upper  true  molar  is  i)laccd  entirely 
JH)  ihe  inner  side  of  the  large  camassial ;  the  lower  carnassial,  except 
«■  its  rather  larger  talon,  is  almost  indistinguishable  from  that  of  the 
Striped  Hjamfl,  while  the  second  lower  true  molar  is  comparatively 
snulL  The  first  lower  premolar  is  very  rtiinutc,  and  in  their  com- 
pressed crowns  the  other  premobrs  are  more  like  those  of  Viverra 
than  those  of  cxiiiting  Hyxna>.  The  type  species  is  comparatively 
Btiftll,  with  slender  jaws,  and  the  mu:rzle  is  elongated  after  the 
VivcjToid  fashion.  The  impcrfetilj-  known  Lepthyirna,  of  the  Indian 
Sivaliks,  is  closely  allied  10,  if  not  identical  with,  the  preceding 
gcnu^  The  remaining  forms  may  be  included  in  the  genus  Hyana, 
which  may  Itc  divided  into  groups  corres]jonding  to  the  genera 
cf  sontc  wiilcrs,  although  there  is  an  almost  complete  iran&ition 
fiont  one  to  the  other.  In  all  cases  there  is  never  more  than  a 
single  upper  true  molar,  white  in  existing  fonns  the  normal  dental 

fonnula  is  /.  - ,  C.  -,  Pm.  '',  M.    .     In  some  fossil  forms,  however, 

Ihe  first  upper  premolar  may  be  absent,  while  in  others  there  may 
lie  a  small  first  lower  premolar  or  a  second  lower  true  molar. 

Of  the  more  generalised  forms  classed  in  the  Lyihytrmnt  group 
(Z>rA)'iiBa),  as  represented  by //.  OTrtfri»ji*oma  of  the  Pliocene  of  India, 
ind  H.  ehttretis  of  that  of  Greece  and  Samos,  the  muzzle  is  long,  the 
prtrniolari,  of  which  there  are  four  in  the  lower  j.iw,  arc  compressed, 
the  fiTRt  upper  true  molar  Is  placed  partially  hehind  the  carnassial, 
the  lower  carnassial  has  an  inner  cu3|>,  and  there  was  prot>ably  a 
Hcond  lower  true  molar.  In  the  Nyanktitu  group  i^Hyanktis), 
vhich  likewise  occurs  in  the  Pliocene  of  India  and  Europe,  the 
second  lower  true  molar  is  still  reinined  as  a  very  minute  tooth,  but 
die  premolars  arc  more  like  those  of  existing  form.s,  and  the  cora- 
piratively  large  tn.  i  is  placed  entirely  on  the  iimer  side  of  the  car- 
nassial. The  mujzle  is  also  comparatively  short.  In  the  Indian 
ff.  sivaltmis  the  first  lower  premolar  is  lost,  although  retained  in 
iw  European  //.  eharetis.     This  group  forms,  indeed,  a  complete 
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connection  betw«^n  PaJhmna  and  the  next  group.  In  the  ^ 
or  Enkyirtiint  {{loup.  as  repre^nted  by  the  living  Indian  Sdi] 
Hyxna  (//  striata)  th«  premolars  form  blunt  conci  adnia 
adapted  for  crushing  large  llont^s.  In  thia  group  the  ii{fcri 
nassial  (fig.  1315)  has  o  short  third  lobe,  while  the 


Re.  ij«j' 


-Tile  rici"  >VI>tr  CHMMMl  loMh  of //mm  tfrOAa,  {ranlkc  ( 


lower  tooth  still  retains  \a  inner  cusp  and  diiitinci  hind 
the  first  lower  premoLv  and  second  tnw  molar  hare  t 
appeared.     Remains  rcrcrrcd  to  the  existing  species  occur^ 
SiilToIk  Cra^,  the  caverns  of  France  and  the  Uj^cr 
I'leistoccne  of  Italy,     //.  arverneasis,  of  the  Uppcf 


totan 

ccurj 


f\Sf  tji&—Oui«rviawirf  binder  part  of  the  richt  runw  cf  ibc  aMMlUB  ef  J 

ttVfA  III*  PliOCHI*  of  iBlliit. 

France  and  Italy,  seems  to  be  allied  to  ff.  hruMiua  of 
while  //.  Perrieri  {iopitriftuis),  of  the  same  deposits  1 
step  towards  N.  irocuta,  having  lost  the  inner  cusp  ^,^^_ 
most  spctinliscd  or  Cromlint  group  i^Croaita)  i«  now  reprM«r 
the  Spotted  Hj-aena,  and  is  characterised  by  the  long  third 
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per  carnassial  (fig.   13J7,  a>,  and  hy  the  loss  of  llic  inner 
lul  rvduction  in  ihe  size  uf  the  hind  talon  of  th«  Iowct  cirnas- 

I    '3*7.  »)• 
mofl  (nenemliiied  repre&enlalive  of  this  group  is  /f.  txi'mia, 
Lomcr  Pliocene  of  Greece  and  Persia,  in  which  the  first  lover 
AT  is  retained,  but  the  second  lower  true  mobr  is  lost,  as  in 
mhcr  members  of  this  group.'     J/.  CWt'iW  (fig.  1326)  of  the 


fqw— («X  I'aI'UJ  "icv  Vi  ri|h  I  upper  cmwulal  and  tiu*  cnolu ;  bdiI  (•),  Ouitt  oitv 
«f  riBhl  iomm  utntMid  uT  Hymn  ertcmUt. 


I^twalilcs,  in  which  pm.  i  has  disappeared,  may  probably  be 
as  the  ancestor  of  the  oiuting  Spotted  Hyxna  (7/  erocvta) ; 
if.  raliusfa,  oi  the  Upper  Pliocene  of  Italy,  is  allied  to  //. 
|[.but  tetatns/wr.  1. 

.tmSi  n  now  foufii)  in  South  ATricn,  but  oreurs  in  a  Tossil 
(  ineiw  of  boib  Kiirt>pc  and  Indin.     It  i*  clianictcriscd 

iintin^  ''"■  of  the  upper  tnie  mnlnr  ((iy.  1327I,  :in(l  the  extremely 
of  ibc  hind  tnlan  of  th«  Inner  camnnsial  (M/i.)  The  f.iriAl 
minium  (fi}{-  IJ28]  is  verj*  brojid  and  short. 
i»  of  the  Spotted  H>'^ena  i>ccur  in  %.is(  quanlilies  in  many 
cav(-dcpo*its  i  and  were  espcciallyabund.ini  in  the  celebrated 
cave  m  Yorkshire,  explored  in  ihr  cariy  pnrt  of  this  century  by 
tckUnd,  3iid  nUn  that  nf  (^nilr-nrrMich  in  Frarrnnin.  Thnt  these 
ire  AetiK  in  whi<!h  ihe  Hya-nnsc  dwelt  i*  evident  from  the  marks 
teeth  An  (he  bones  of  other  animals  dragged  in  by  them  for 
well  as  by  aihcr  unmistakable  evidence. 

lY  FEl,in.fi. — The  FtlidiC,  in  which  the  Nimravidtit  of  Pro- 
Dpe  are  included,  are  the  mmt  specialised  representatives  of 
order;  this  being  i^pccially  shown  in  the  existing  forms 
ihortness  of  the  skul),  in  which  there  is  no  aliiipliienoidal 

^1  of  the  SfvHied  lljviu  in  llw  Colteee  of  Surgeoni  ihcce  is  a  tecond 
on  one  >ii]e. 


and  two  tevrtr  true  molarr,  and  the  cirnim; 
lower  incisors  arc  placed  in  ihe  aAme  huri/o 
exception  all  the  known  form^  luve  an  entep 


Kia.  I  tA  — OhtiqiM  laMrM  viavof  ik*  cnnMun  of  J/jnit*  ett/cm 

IMmsai.   iMuaOrnm-i 


the  humerus.     This  family  was  probably  deri' 
of  the  modern  yitvmVa,  the  view  taken  by 
true  F(Ji4(t  are  directly  de^cr-ndcd  froTtj  ihe 
improbable.      The  earlier   fonns,  constitulin| 
Professor  Coiw,  present  gcneraliied  fcaiutes 
true  Cats. 

Here  may  be  mentioned  the  remarkable  g( 
the  Lower  Miocene  and  Upper  Eocene  of  I-'r 
small  Carnivores  of  generalised  affinities,  whi 
by  Professor  Cope  in  the  true  Ftlidtt  and  by 
MatUlidir.  'Vhn  skull  agrees  with  thai  of 
possession  of  an  alisphcnoidal  canal,  and  th 
icsemblancea  to  those  of  that  genus,  the  fonnil 


1 445 


fed  by  Dr  S^ott  with  Cryptofr<xia  in  a  separate  Tamily,  hut  is 
placed  by  him  in  ihc  Nimraind«.     The  formula  of  the  chcck- 

b  Pm.  ' ,  M.     ;  the  upper  camassJal  has  no  anterior  lobe; 

tlispficnoi^  canal  is  Tctained  ;  the  femur  has  a  third  trochanter  ; 
istnignlus  is  Rattened  and  articulates  with  the  cuboid  ;  and  the 
tnal  phaLtngcaU,  although  relraclilc,  arc  not  protected  by  Irony 
^     (Tenera1i.i«d  features  are  nlso  displayed  in  the  base  of  the 

i  and  the  bonM  of  the  skeleton  approximate  to  those  of  Cyno- 

and  other  primitive  types, 

flhe  other  generalised  forms  which  may  perhaps  be  included  in 
bmily  we  may  mention  .'Elumjuii  of  the  Pliocene  of  the  Siwahk 
,  and  Pitudaiurvs  tjTiically  from  the  Middle  Miocene,  hut  re- 
ad by  Dr  Filhol  from  the  Li'iipcr  Eocene  I'hosphorites  of  l-rance, 
rvfais  is  very  imperfectly  Itnown,  but  its  mandible  seems  to 
3«ch  that  of  the  Marh.'crodonls.  DrSchlosscr  would  include  in 
lus  some  of  the  fonns  from  the  b'rcnch  i'hosphorites  referred 


.    -J 


af  the  iliiin  and  knitrisr  cen'L»l  verrti< 
Biwnh  Anirici.    Twv-IUihi  oaiunl  tlM. 


Dt  Filhol  to  Proa^fums,  and  would  rli.Trij;e  iho  name  lo  Haplo- 
,  and  place  it  in  the  Muslc/idtx.  The  typical  Pstudtdums  has 
c  lower  premolars,  and  no  inner  cxisp  to  the  lower  camassial ; 
in  P.  intermedius.  which  Or  Schlosscr  makes  the  type  of  the 
I^SttntgaU,  there  were  four  lower  premolars  in  some  instances. 


CAKNIVOf 

isrs  Scott  and  Osbom,  the  hallux  u-as  well  developed,  there  is  a 
inct  line  in  (he  scapholunar  indicating  the  boundnrics  of  the 
khoid  and  lunar,  and  the  femur  has  a  third  trochanter;  the  tu'o 
nuDcd  ftaturei  being  regarded  by  the  above  rientioncd  author- 
I  2»  inherited  from  a  Crcodont  ancestor. 

!*timif^  to  the  true  Cats  wc  have,  amon^  existing  Tormsy  the 
Oling-Lcopard  of  India,  forming  ihe  ^'enus  Cyna'Iurus,  ithich  is 
isgubhcd  hy  iu  non-retractile  claws :  it  may  be  represented 
Ibe  Pliocene  of  India.  All  the  other  "Cats"  may  be  included 
the  genos  Felis,  although  some  writers  have  proposed  to  split 
p  into  several  genera.  This  geniis  is  spread  over  the  temperate 
uo^ical  rt^iona  of  Ihe  greater  part  of  the  globe.  Although 
re  are  five  digits  in  the  inanus,  the  hallux  of  ihe  pes  is  reduced 
a  rudiment  of  its  mct^itarssl ;  the  scapholunar  has  lost  all 
le  of  its  primitive  duality;  and  Ihc  third  trochanter  has  like- 
i  disappeared  from  the  fenitir.     The  dental  formula  is  usually 

,  C.  -,/'m.  *,  Af.     ;    but  in  some  instances  there  are  only  two 

j  I  3  1 

er  premolars,  and  occasionally  there  are  three  lower  premolars  as 
abnormality.      The  upper  carnassial  (J^,  fig.   1331)  has  three 


-Lift  latcnl  view  «r  tht  deaiilbn  ot  iht  U«ai  (ftiii  Jrv>    R*<liK«d.    pl^  yj  tn- 
t;  ><•/■,  sd,  ft,  and  4lti  u[ipti  premoUii:  jm.  Truf  malan:  /■,/*.  ]d  «nd  (l)i 


3  and  a  small  inner  tubercle ;  while  the  corresponding  lower 
h  (ifiiii.,  m)  has  no  inner  cusp  or  hind  talon,  although  the  latier 
iprcsenled  by  a  minute  tubcrcJe  in  the  1,3'nxes,  In  Europe  this 
us  makes  iti  first  appearance  in  the  Middle  Miocene  of  France, 
in  Korth  .America  in  the  Upper  Mioeene  or  Lower  Pliocene 
Ip-Fork  beds. 

I  the  Pleistocene  of  Europe  we  meet  with  remain*  which  cannot  be 
ioguished  specifically  fiom  the  existing  Lion,  although  the  fossil  form 
been  named  F.  iptlaa.     Remains  of  the  Leopard  i^F.  porttui)  also 
'OL.  II.  9  N 
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occur  in  the  Coniinental  cnve-dcMMits  ;  white  in  the  corrcspocKbagj 
posits  nf  (lihnli.ir  v>-e.  meet  with  ttic  Pardinc  Lynx  (f.finnfirM)-, 
those  of  Ben^itl  «e  find  remains  of  ibe  Jaguar  (/^  atuu)  and  Oct 
fhirdttiis),  which  now  inhabit  the  same  regions.    Id  the  Plioceivc  St* 


Fig.  m).— t^l  Uitrkl  vwu  of  cranluni  iiiy,  unl  Ivnt  'ic  vi  hi  «ppv  laaaii  ti>W 
Afatkirrvdmi  aw/wifA/mrw;  frooi  Itia  l.'pparFliicttMdri'rMn.     RBJunl. 

of  India  we  nteet  u'illi  the  huge  /^  eristafa,  whicli  >how-s  Axe. 
connecting  it  both  with  lhcTig<r  and  tijc  Japuar ;  and  abo  smaller  I 
one  of  which  fippcsrs  to  have  been  c!»>v;ly  allied  to  Die  cxiuin{  /'.  ' 
ieftiis.     In  the  J'liocene  of  North  AmcricA  large  Cats  Mere  Tepm 

/«.  3  fm.  4  m.  t 


PIgi  tJJ>— Oul«T  nrv  of  itw  Ichntnua  oflhe  nundiUt  ml  jtf arWraJW  •craftani ; 
Tram  Iha  riioetn*  of  liuli^i.     OnMhad  natunl  (ij*. 

by  K  nugMtln  and  /".  n/rox.  In  Europe,  agxio.  numerous  speeiB  occar 
ill  the  PiKcnni  beds  of  Greece  ;  and  Ik's  may  also  mention  the  con^un- 
tivelj"  sin:i!l  /■'.  nri'trnrmii  and  /'.  ixtiadormjii,  of  ihc  French  Pliwene. 
one  of  which  prob;ib!y  also  occumM  in  the  correspondinij  d^wittcf 
Persia 

The  most  rcnurkalile  of  the  true  Cats  are,  however,  the  eKtiaQ 
MachR^rodonU  or  Sabre-toothed  Tt|{crs,  which  arc  choiiicicriscd  by 


—  «.  I 


-  /«.4 
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cnonnous  dcvclopmem  or  ihc  upper  canines  of  the  mnles,  by 
0te  prc»:ncc  of  a  deep  descending  Sange  in  the  mandibular  sym- 
phjrsu  for  ihc  pcoiecjion  of  the  laiter.  and  the  angulation  of  the 
tfUerior  extremity  of  ihts  sj'mphysis  ;  the  structure  of  the  cimossial 
teeth  Iteing  usually  of  the  type  of  those  of  the  existing  Cats.  In 
Ifce  t>pe  genu*  .\faefMn>dm  (fig.  133  a),  which  may  be  taken  to  in- 
clude SmiJotion,  Drfpanodon,  and  TmeiJelfS,  there  arc  three  incisors 
la  each  jaw ;  the  premolars  in  the  upper  jaw  never  exceed  two,  and 
there  may  be  cither  two  or  only  one  of 
ihcic  teeth  in  the  lower  jaw ;  the  latter 
nriaiiun  occurring  in  difTcrcnt  individuals 
o(  a  single  species.  The  upper  carnai^si.il 
'(%  1334)  is  usually  like  lli;it  of  fkiis  ; 
\hX  in  the  South  American  M.  Hte^aut 
"iGg-  1335)  it  ^^^  '°ur  dLstinct  lobes,  and 
b  thus  the  most  complex  example  of 
tfiit  type  of  tooth  that  \a  known.  This 
igeoiis  ranges  in    time    from    the   Quercy 

fbosphorites  to    the    Pleistocene,    antl    is        _  __ 

W    in    .America,    Europe,    Persia,    and    '^CX/.'^^^^t^ 
'Indix      The  South  Amencan  M.  necafor  •".- f'onuhe  pii»c.n.of  rmju. 
nands  alone  among  the  ftlida  in  having 

no  foramen  to  the  humerus.  The  last  genus  of  the  family 
u  the  curious  Eusruiius.  of  the  Quercy  I'hosphorites,  in  which 
there  arc  only  two  incisors  and 
ODC  premolar  in  the  mandible, 
ind  the  descending  flange  of  the 
■nnpbysjs  of  the  Latter  i^  of  cnor- 
noas  depth.  The  exiftence  of 
this  extremely  specialised  form 
«  Kuch  an  early  epoch  is  note- 
mtthy  ;  not  less  so  beinf(  the 
total  extinaion  of  the  Machxro- 
donts,  which,  it  has  been  suggested, 
may  be  due  to  their  excessive  spe- 
cialisation barini;  rendered  them 
incapable  of  obtaining  their  sub- 
tistenoe. 

SlTBORDCR    3.      CkKOIJONTA.  

The  members  of  the  suborder  rig.  ,M^_Ri,hi  ui«rt  «tw  of  .1,,  i*„i 
OreodonU  (or  Camivora  Prinii-  -^  »f'^r'*»  'tf-ittwt.<lntit\Ma 
[Cilia)  are  all   extinct,  and  their 

teru)  position  \\x\  led  to  much  dirtcussion.  By  some  authorities 
they  hive  been  cla*«d  with  the  Polyproiodonl  Marsupials ;  ftotn 
irhich,  however,  they  differ  by  the  presence  of  a  complete  milk-der^ 
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existing  Insectivora  and  Camivora,  Their  rela 
however,  on  the  whole,  to  be  decidedly  nearest 
vora,  and  they  are  accordingly  here  classed  as 
order.  They  undoubtedly,  however,  exhibit  affini 
ivora,  from  which  they  are  distinguished  by  the  C 
their  incisors  and  canines ;  while  the  remarkablt 
isting  between  their  cheek-teeth  and  those  of  t 
Marsupials  is  probably  indicative  of  a  distinct  gc 
with  that  group.  Mention  has  already  been  niad 
blances  to  the  Condylarthrous  Ungulates. 

The  following  are  the  chief  characters  of  th 

brain  is  of  relatively  small  size  ;  the  fourth  upper 

first  lower  true  molar  are  not  differentiated  as  a 

carnassials,  but  resemble  more  or  less  closely  the 

behind  or  in  front  of  them,  which  is  either  conic 

less  secant  type ;  and  the  upper  true  molars  are  ei 

or  simply  secant.     The  tibial  face  of  the  astrag 

generally  devoid  of  a  groove ;  the  scaphoid  and 

'■.  :':  separate;  the  femur  has  a  third  trochanter;  and  t 

tigrade.     In  all  cases  where  there  is  the  full  numt 

.   - .     •'[  second  pair  in  the  lower  jaw  is  thrust  up  above  th 

■ '       ■.    ■■  so  many  of  the  Camivora  Vera.     The  structure  c 

..", '"  proximates  to  that  of  .^m^jfa'^VM. 

-'"■ ,  - .  _  Family  Hy^nodontid*. — This  family  include 

■  .     ■    1  ised  forms.     The  dentition  (fig.  1336)  is  of  a  1 

", ,'  type,  the  inner  tubercle  of  the  hinder  upper  cheel 

' -;      "•,"'  small;  and  there  is  no  inner  cusp  to  the  lower 

-■_  y  "^  the  type  genus  the  scaphoid  and  lunar  of  the  ca 

*   .  Hyanodon  has  the  dental   formula  I.     ,  C.  -,  I 

'.   •  inner  tubercle  of  the  two  unner  tnie  mnlani  is  ali 
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rppei  Miocene  of  North  Anwrica  i$  remarkable  as  being  the  only 
povn  Mammal,  except  certain  Edentates  and  Cetaceans,  in  which 
|«  pter>-;oids  unite  beneath  the  tiAsal  passage.  One  of  the  Euro- 
San  forms  was  originally  described  as  Taxftherium.  In  the  allied 
itrod^M,  which,  together  with  OxAy^na,  some  ^Titers  refer  lo  a 
Estinct  family,  the  third  upper  true  molar  is  present,  and  has  » 


ttg.  tjjtr— RSglM  laimil  Mpcci  «f  ihe  dendilon  of  UjnrruJsm  Itai-rldrnt,  vanring  ih*  («Mb  In 
■aamof  dwucoodlovtrcnnioUr :  haui  the  Miocene  of  Kotih  America.  Rcducct!.  {After 
Mr-I 

■nsrersely  elongated  crown ;  there  may  be  either  two  or  three 
;ipcr  inci!ior&,  and  the  first  lower  premolar  is  sometimes  absent, 
be  first  and  second  upper  true  molars  differ  from  those  of 
^fM»d«n  b)'  the  large  size  of  their  inner  tubercle,  and  the  last 
oe  molar  is  tike  the  second  ;  the  cranium  in  many  respects 
>les    that   of  Amfhiiym.      This    genus    is    represented   by 


from  itw  Fnncli  PbcnplKHniek 

compamtively  large  species  from  the  Upper  Kocene  (Lower 
:)  of  Europe.  An  allied  fonn,  from  the  French  Phos- 
horites,  has  been  r:imed  Pseudopterodon,  and  connects  the  former 
mus  with  Tkcurithtrium.  The  remarkable  genus  Oxhyana,  of  the 
'orth  American  Eocene  and  the  French  Phosphorites,  has  .th  elon- 


ited  mandibular  symphysis,  with  the  dental  formula  /. 


(»-3) 


I  A  1 

'.  - ,  Pm.  -,  M.     %  the  species  figured  in  the  woodcut  having  only 


noUrs.  which  arc  differentiated  into  a  blade  and  a  hinder  tuber- 

cnlat  uilon,  closely  resemble  the  lower  c^iussial  of  Dasyttrus  (fig. 

>r45)  among  the  Marsupials,  and  of  Cyn^diais  and  Viverra  in  the 

Oniivora  Vera,  and  thus  indicate  hovf  ihe  latter  group  has  in  all 

probability  been  derived  from  a  form  allied  to  the  present  family  ; 

the   hinder   Ivner   molars  of  ihe   Carnivora   Vera   having  become 

tubercular  and  non-secant.     Other  members  of  this  family  found 

L^  the  l.ovrcr,  or  I'ucrco,  Eocene  of  Nurth  America  are  Deiiafhtrittm^ 

nplp&uwf,  and,  according  to  Professor  Cope,  Mwdvnus,  and  prob- 

laMy    Ttiisoion  and  Ottych^des.      DideifihedH$,  from  the  higher 

Eocene  of  America,  may  also  be  placed  here,  as  well  as  Querey- 

ikcrimm,  from  Ihe  French  I'iioiaphoritcs,  and  jicrhaps  GaUlhyinx,  of 

ihe    Pari*   Eocene.      Contfryctet  and   ifemigtitttn  are  allied   Puerco 

t>pc3  ;  the  btter  being  distinguished  by  the  fusion  of  the  roots  of 

the  upper  true  molars,  and  hence  regarded  by  Professor  Cope  as  the 

type  of  a  distinct  family  shoving  signs  of  affinity  with  the  Tillodonlia. 

Family  Arctocvoku)*. — This  family  is  typified  by  the  genus 

JretMyvnt  of  the  Lower  Eocene  of  France,  with  which  may  be 

dused  /fyf^te/ti  aad  Haeroborus,  of  the  Ixiwcr  Eocene  of  Rhcims. 

DrSchlosscr  suggests  that  Miotlitnus  should  come  in  this  family. 

Familv  MKsoNVCHinjf, — The  mcmlHTs  of  this  family  arc  short- 
jawed  forms,  usually  having  the  typical  number  of  teeth,  which  are 
le»  dtflereni  than  in  the  other  families  from  ihosc  of  the  Oirnivora 
Vera.  The  type  genu«  l^tamyx,  from  the  North  Antericin  Eocene, 
has  a  grooved  astragalus;  and  other  genera  which  are  referred  to 
this  Gunity  are  I>issams,  Siinnthramtes,  and  Patrifffeiis,  from  ifie 
luter  area,  and  not  improlwbly  TheHtH/terium,  of  the  French 
Phovpfioritcs.  Dissacus  has,  however,  no  trochlea  to  the  astragalus, 
awl  is  thcrclbrc  nearer  to  the  Prat^werriJtc.  AmAfyciOHus,  of  the 
Nonh  American  F^cene,  is  an  allied  form  with  the  astrngalus  not 
^rooTcd,  on  which  account  it  has  been  regarded  as  the  type  of  a 
distinct  family.  Palitonutii,  of  the  Lower  Eocene  of  France,  may 
be  allied. 

K.u<iLV  Uncertain. — A  few  genera  cannot  at  presenl  be  defi- 
nitely placed.     These  comprise   Tkyiao?mfrpkus,  from  the  French 
Phosphorites,  which  it  has  been  suggested  may  be  identical  with 
Pruoiverra  ;  and  DatyutViiQH,  or  Apterodon,  from  the  Lower  Mio- 
cene (Middle  Oligocene)  of  Flonhcim,  which  Dr  Schlosscr  thinks 
luay  turn  out  to  be  the  same  as  Oxhyana  gafJia.     i>rom«fyon,  of 
the  Bridger  Eocene,  is  not  improbnhly  founded  upon  x  very  old  in- 
dividual of  Miionyx ;  white  the  imperfectly  known  ArgjUothtrium, 
frtttn  the  London  Clay,  may  prove  to  l>c  identical  with  one  of  the 
American  gcnerx    Finally,  it  should  be  mentioned  that  Dr  Schlonser 
would  place  in  this  subordo-  the  genus  Piatyiharraps,  which  is  here 
cU»cd  with  the  I'lUodontio. 
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CHAPTER    LXIII. 

CLASS    MAMMALIA— continued. 

Orders  Insectivora,  Chiroptera,  and  Primates. 

Order  IX.  Insectivora. — The  Insectivora  are  a  group  of  smill 
Mammals,  not  very  readily  defined  from  the  characters  of  their  bones 
and  teeth.  The  teeth  are  well  developed,  and  generally  easily 
separable  into  the  usual  four  divisions,  although  in  certain  cases  the 
distinction  between  incisors,  canines,  and  premolars  is  not  very 
clear.  The  dentition  is  diphyodont  and  heterodont ;  the  dwA- 
teeth  are  always  rooted,  and  their  crowns  carry  a  number  of  minute 
pointed  cusps ;  the  crowns  of  the  upper  true  molars  being  eitiier 
sub  quadrangular  or  triangular  in  shape.  The  first  pair  of  indson 
in  some  cases  are  not  in  contact  in  the  middle  line ;  and  the  canines 
are  often  weak.  The  zygomatic  arches  of  the  skull  are  usually  either 
weak  or  entirely  absent ;  clavicles  are  present  in  all  existing  fonns 
except  Paiantogale ;  in  the  carpus  the  scaphoid  and  lunar  are 
separate ;  the  feet  are  usually  either  entirely  or  partially  planti- 
grade, and  their  digits  are  generally  five  in  number,  with  the  ter- 
minal phalangeals  unguiculate,  narrow,  and  subcylindrical.  Certain 
Insectivores,  such  as  the  Moles  and  Galeopithecus,  are  remarkJile 
as  being  the  only  Mammals  in  which  ossified  vertebral  intercentn 
are  known  to  have  been  developed  in  the  dorso-Iumbar  r^on.  As 
a  rule  the  humerus  has  a  foramen. 

Fossil  forms  apparently  indicate  3  relationship  on  the  one  hand 
with  the  Creodont  Carnivora,  and  on  the  other  with  the  Lemuroid 
Primates;  those  genera  with  square-crowned  upper  true  molars  ap- 
proximating to  the  latter  group,  while  those  in  which  the  crowns  of 
these  teeth  are  triangular  show  the  nearest  affinity  to  the  fiwiiKi- 
Dr  Schlosser  concludes,  with  great  probability,  that  the  Lemuioids, 
Insectivores,  and  Creodonts  are  all  diverging  branches  from  » 
common  stock,  which  may  also  have  given  origin  to  the  Cond)- 
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Ungulates.  The  resemljlance  of  the  molars  of  7)t^ia  to 
of  the  Marsupial  f^inua  J'enzmt/es,  and  that  between  the  sam« 
:'%ECt'h  in  the  Creodonts  and  the  Dasyuridtr,  further  suggest!)  the 
,  wmnection  of  this  common  stock  with  the  ancestral  types  of  the 
_ltoljpratodont  Marsupials.'  The  Inscctivores  agree  with  the  Lemur- 
not  only  in  dental  characters,  but  also  in  the  presence  of 
in  their  plantigrade  feet,  and  the  discoidal  placenta;  and 
I  indeed  quite  evident  that  the  Ancestral  stock  of  the  Primates 
;  hare  been  provided  witii  complete  clavicles. 

order  majf  Ite  divided  into  the  suborders  Insectivora  Vera 
Dermopiera.  The  former  may  be  further  subdivided  into  two 
ticms,  in  the  first  of  which  the  molan;  have  broad  and  squared 
5,  with  their  cusps  frequently  arranged  like  the  letter  W,  while 
iin  the  second  section  the  crowns  of  these  teeth  are  narrow  and 
V-ohaped,  with  the  apex  of  the  V  directed  inwardly  (Iritubercular). 
The  Dcrmoptera,  represented  only  by  the  volant  genus  Galeops- 
AcaiJ,  arc  unknown  in  a  fos^l  condition.  It  should,  however,  lie 
obaerved  that  this  genus,  although  not  on  the  direct  line  of  descent, 
indicates  the  manner  in  which  the  Inscctivores  have  become  modi- 
fied into  the  Bats.  The  first  section  of  the  Insectivora  Vera 
coisprises  the  existing  Tupaitda,  AfacrotceJidida,  ErinaaiJte,  So- 
fuidit.  and  TalpidtF,  together  with  the  extinct  MtcroehariM  and 
DimyiiJa. 

Family  Tcpaiid*. — The  Tupaias  are  small  arboreal  Inscctivores 
confined  at  the  present  day  to  the  Indo-Malayan  region.  The 
genus  Parasorcx,  from  the  Middle  Miocene  of  the  Continent,  has 

ihe  dental  formula  /.  ,  C  ,  Ptn.  -,  hf.  -,  and  may  be  provision- 
\  3         i  4  3 

wjr  placed  in  this  family,  although,  according  to  Dr  Schtosser,  it 
approximates  in  several  respects  to  the  Maeroietlididx.  There  is 
<ne  roore  upper  incisor  and  one  more  premolar  in  each  jaw  than  in 
Ti^faia,  and  the  last  two  premolars  are  somewliat  more  complex. 
The  above-mentioned  writer  regards  this  genus  as  the  representative 
rf  3  group  connecting  the  Tufaiidti  of  .^ia  with  the  AfacrosctUdidtr: 
of  Africa.  An  Inscctivorc  from  the  Middle  Miocene  of  Sanson, 
[Icscrilied  as  iMnianot&en'um,  U  said  to  be  very  nearly  allied  to 
Tufiaia. 

Family  ERiNACEin.*. — Since  the  Mairtisctiididir.  are  at  present 
laknown  in  a  fossil  state,  we  may  pass  to  the  Erinactidix  cr  Hedge- 
Migi.     In  the  typical  genus  £'n«a««jr{(ig.  1339)  the  dental  formula 

n  I.  ~,  C.  -,  Pm.    ,  M.     ;  the  first  pair  of  upper  incisors  are  large, 

'On  dDbrynlogial  graundi  «omc  authoritiec  are  diiipoM<l  tftrecard  th«  Mar- 
upMl«  u  bmnc  alT  tli«  lin>  of  Emhennn  nncntry :  but  It  must  be  Borne  in  fnloil 
hat  the  evidence  cnlj  tnctudei  enlMing  lypci. 
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and  separated  from  one  another  by  a  space,  the  five  sucoetoj 
teeth  small  and  conical,  the  last  premolar  and  the  two  first  tm 
molars  broad  and  cusped,  while  the  last  tooth  is  veiy  small ;  and 
there  is  a  vacuity  on  either  side  of  the  hinder  part  of  the  palUc. 
The  existing  E.  europaus  has  been  found  fossil  in  the  Pleistocene; 
a  small  species  occurs  in  the  Upper  Miocene  of  CEningen,  inSvitio- 


Fig.  1339. — Left  Utenl  view  oT  ibc  ikull  of  Ihc  Hcdgebog  {Erimmctttt  tanpm^ 

land,  and  others  are  found  in  the  Middle  Miocene  of  France.  In 
the  Lower  Miocene  of  the  same  country  occurs  the  genus  Palaetn- 
naceiiSf  distinguished  from  Erirtaceus  by  the  absence  of  vacuities  in 
the  palate,  and  the  |;reater  relative  width  of  the  latter.  An  appai- 
ently  allied  form  from  the  French  Miocene  has  been  described  by 
Gervais  under  the  name  of  Erittaceus  arvemensis,  which  is,  boir- 
ever,  not  the  same  as  E.  arvemensis  of  De  Blainville.  From  the 
Quercy  Phosphorites  there  have  been  obtained  remains  of  otbei 
members  of  this  family  more  nearly  allied  to  the  existing  Gymmra 
of  Madagascar,  but  presenting  characters  which  also  link  thera  vety 
closely  with  En'naceus  through  Palaoerinaceus.  These  Quercy 
forms  have  been  referred  to  three  genera  under  the  names  (rf 
NeurogymtiuruSy  Cayluxotherium,  and  Comphotkerium,  but  it  ap 
pears  probable  that  the  second  is  a  synonym  of  the  first    The 

teeth  of  Neurogymnurui  and 
Cayluxotheriumsxe.  like  those 
of  Gymnura,  but  the  palate 
has  vacuities  as  in  Erinai- 
eus ;  Compholhtrium  is  dis- 
tinguished by  a  cingulum  to 
the  lower  true  molars,  vhich 
also  occurs  in  Gymnun. 
Neurogymnurus  has  alM 
been  recorded  from  the  Upper  Ekxrene  of  Hampshire. 

Family  MicROCHfERiD*. — The  genus  Microchxrus  {fig.  1340); 
from  the  Upper  Eocene  of  Hordwell,  with  which  Hetervhyus,  of 
the  corresponding  beds  of  France,  may  be  identical,  agrees  with 
Erinaceus  in  showing  an  interval  between  the  first  upper  incisoBof 
either  side,  and  may  be  provisionally  placed  in  this  order.     It  has 


Fig.  1340.— Palatal  view  of  thi  right  upptr  check- 
Az-awivmoi MhrB{k.Tnittrittatfuii  from  the  Upper 
Eocene  of  HorElwclI- 


*ii  regarded  as  allied  to  ihe   Leniuroid  Hyopsodm,  but  Professor 
'bom  sutej  that  it  ts  really  very  different.     The  denial  formula 


Vf  be  given  approximately  as  /  y,  C    ,  Pm.  |,  M,  '. 
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The  two 


ysx  incison  have  compressed  crowns,  somewhat  like  those  of  the 
>  succeeding;  teeth ;  but  the  last  two  premolars  and  the  true  molars 
tr  broad  and  Il.it  crowns,  catr^-ing  a  number  of  small  cusps. 
■"amilv  DiMYi.in.K. — Tliis  family  is  proposed  by  I)i  Schlossex 
ttie  genera  Dimytus  and  Cordyttxt/in ;  iwo  mtnuie  Insectivores 
I    the    European   Miocene  which  appear  to  be  related  lo  ihe 

AMiLV  SoRiao*. — The  Sortada,  or  Shrews,  are  readily  charac- 
.^<i    by  ihcir  dentition,  in  which  the  first  upper  incisor  is  large 

furnished  with  a  boiial  luhcrctc,  while  between  it  and  the  last 
notar  there  are  a  variable  number  of  small  incisors  and  prL>mo- 

together  with  the  equally  minute  camnc.  In  the  mandible  the 
iher  of  teeth  is  always  /.  i,  C.  i,  /Vm.  i,  jW!  3  ;  ihe  incisor  being 
:livous  and  much  produced  forwards,  and  tiie  canine  the  smallest 
h  of  the  series.    Existing  species  of  Sitcx,  and  |>erhaps  of  Crosso- 

occur  in  the  NOTfolk  Forest-bed,  while  a  5pccii:;s  of  the  former 
US,  r^arded  as  extinct,  has  been  recorded  from  the  Plei&toccne 
Scias  of  Sardinia.  Existing  species  of  Sortx  or  Croddura  also 
Br  in  the  caverns  of  Madras.  Numerous  forms  have  been  re- 
ded from  the  Continental  Tcrliarics,  ranging  from  the  Miocene 
iKe  Qocrcy  Phosphorites,  %omz  of  which  arc  referred  to  S^njt, 
lie  others,  such  as  the  Quercy  species,  have  t>een  regarded  as 
lerically  diiiinci,  and  named  AmpkisnTtx.  I)r  Schlosscr  thinks 
%  OrlAasfidGtherium  and  PlturMpidatherium,  mentioned  on  p. 
B8,  might  be  placed  here. 

Familv  Talpid*. — The  TnJfu'da,  or  Moles  and  Desmans,  are 
scly  allied  to  the  &n'a'dtr,  althoujih  easily  di^ttingjiKhed  by  the 
n-{voduction  of  the  first  lower  mcisur;  tliey  are  u.vusHy  of  fos- 
riai,  but  in  some  cases  ore  of  natatorial  haliits.  This  family  is 
tided  into  the  Afyaga/fitte  and  the  Ta/ptHx ;  in  the  former  the 
tncrus  and  cbviclc  being  moderately  elongated.  In  this  sub- 
nily  the  aquatic  type  genus  Myogak,  in  which  the  dentition  (fig. 

H}  is  /  3,  C  -,  Pm.  -,  M.  ^,  is  represented  in  the  Norfolk 

trest-bed  l>y  ihc  existing  Desman  [hf.  md<ka(a\  of  the  rivers  of 
usia ;  the  fossil  form  having  been  originally  described  under  the 
me  of  Palifospalax.  Remains  of  this  genus  have  also  been  ob> 
ned  from  the  Middle  and  I^wer  Miocene  of  France.  Telraais^ 
na  the  Lower  Miocene  of  Ronton,  near  Puy-en-Velay,  is  a  ^nall 
sectivure  apparently  presenting  affinities  both  with  Afyoj^alt  nnd 
rimaiais;  and  allied  to  this  genus  are  Iwo  other  imperfccUy  known 


Fig.  1341. — PmUtal  view  Of  tight  upper  snd  tower 
denlilion  of  My^aU  mettkala.     Euoptt. 


render  the 

their  serial 
of  great 
French  L< 
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appears  to 
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is  only  kn 
dible,  in  w 
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dosotheriut. 
Phosphorit 
allied  toth 
genus  Urotrickus  of  Japan  and  North  America 
subfamily,  or  Taipina,  in  which  the  humerus  aj 
enormous  relative  breadth,  the  typical  genus  Tm 
the  same  dental  formula  as  in  Myogak.  The  < 
europaa,  occurs  fossil  in  the  Norfolk  Forest-bet 
from  the  Pleistocene  breccia  of  Sardinia  is  regi 

and  named 
The  genus  i 
as  old  as  tbi 
although  th< 
ris)  from  th« 
that  period 
guished  by 

Fig.  1342.— Left  nuniu  of  lover  jmw  of  Fbiif  SyfOTySSUS, 

lartx  loricinoidti,  truniing  the  lut  true  molar  th»    Innrpv    at 

and  the  teeih  belwem  the  fini  incisor  »Dd  the  "'^    »""ci    ai 

fourth  premolar :  from  the  Lower  Miocene  of  ih*  aS     GtOtfyPU 

Ativergne.     Twice  natural  siie.    {After  De  BUin-  y,,  .        .. 

*iiie.)  Fhosphontcf 
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Fie.  ijy.— L*irt«l  «•"■  cl  righi  dmiiiion  of  t\e 


AMiLY  AwiPosoaiciD*. — This  family  comains  llie  minute  AJifio- 
r  and  Adiposorieulus,  from  the  lowest  Eocene  of  Rhcims,  which 
'-chJoMCT  regards  as  related  to  the  Shicvre,  but  fonning  a  distinct 
ly,  attaining  a  higher  d^ree  of  development. 
uiiLV  ],F.iTicTiD.c  {IcTorsiDx). — Thc  sccond  section  of  the 
btivora  Vem  includes  thc  recent  Gimilies  Poltxmci^alidtT,  Soleno- 
wte,  Ceaittitia,  and  CHryiochlorida ;  and  wc  may  provisionatly 
t  in  the  same  neighbour 
',  thc  family  Leptictida  of 
4orth  American  Eocene 
Miocene.  The  latter 
s  arc  regarded  by  Dr 
jisser  as  tnie  Insectivora, 
nigh  they  were  placed 
•rofeasor  Cope  near  thc 
moJamtida.  The  family 
ides  the  genera  LtpUciis, 
tdettes,  lefops,  and   pcr- 

Lnally  the  names    Cente- 

m,  EmlsmedoH,  Entomaicdon,  Centraewhn,  and  others  have  been 

led  to  the  remains  of  small  entomophagoua  mammals  from  the 

-er  Teniaiies,  of  which  the  serial  position  is  doulitful. 

kRDER  X.  Chiropter.^. — 'I"he  Chiropicra  arc  characterised  by 

Cact  tKit  the  anterior  limbs  are  longer  than  the  poMerior,  the 
ts  of  the  fore  limb,  with  thc  exception  of  tlie  poUex,  being  enor- 
isty  elongated  ^lig.  1344).     These  elongated  fmgers  are  united 

an  expanded  membrane  or  patagium,  which  i>  also  extended 
ireen  the  fore  ajid  hind  limbs  and  the  sides  of  the  body,  and  in 
aj  cases  passes  also  between  thc  hind  limbs  and  the  tail.  The 
Bgium  thu<^  fonned  is  naked,  or  nearly  so,  on  both  sides,  and 
res  for  flight  In  the  nanus  thc  pollcx,  and  sometimes  the  next 
it  Ai  well,  iti  iinguiciilate,  or  furnished  with  a  cbw ;  but  the  other 
it*  are  destitute  of  nails.  In  the  hind  limbs  all  the  toes  arc 
peculate,  and  the  hallux  is  not  in  any  respect  ditTcrcnt  (rom 
;  other  digits.  Well-dcvelopcd  clavicles  are  always  present,  and 
i  radius  has  no  power  of  rotatiun  upon  the  ulna.  The  four 
tds  of  teeth  arc  always  present  (although  the  mol'irs  are  aborted 

DesmadHs),  and  the  dental  formula  is  never  known  to  exceed 

-,  C.  -,  f».  ^,  M.  ^. 
3         "  3  3 

TW»  order,  which  is  evidently  a  branch  from  thc  Insectivorous 

»ck,  is  divided  into  the  suborders  Megachiroplera  and  Micro- 
troptcra.  The  former,  which  is  characterised  by  the  possession 
3tfa  cheek-teeth,  marked  by  a  longitudinal  groove,  comprises 
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the  Pteropodida,  or  Fruit-bats,  and  is  unknown  in  a  fossil  con( 
In  the  latter,  which  comprises  all  other  Bats,  the  teeth  are  ci 
with  minute  pointed  cusps;  nearly  alt  the  species  being  ot 
paratively  small  size,  l^e  most  remarkable  feature  presen 
the  past  history  of  this  order  is  the  occurrence  of  fonns 


Fig.  1344^— Skeleton  of  tbc  MoU-v<o1ourcd  Bal  {}'txftriiUo  murmut\,  d,  Hur 
Scapula  ;  f/,  Radiu^f  wiih  the  ru4timcniar>'  ulna  a1  its  proxinul  «iid  :  t,  dtpvs;  _f,  Pu 
Mctouirpals  ;  1 1,  Sternum  ;  /,  Pelvii ;  1,  Sutplcnieniao'  bone  aiiatbctl  to  ibe  oihanei 


allied  to  those  of  the  present  day  as  low  down  as  the  1 
Eocene  of  North  America,  which  indicates  that  the  charac 
features  of  the  order  were  probably  acquired  at  a  pent 
later  than  the  Lower  Eocene  or  Cretaceous  epoch.  The  fo 
families  of  Mierochiroptera  may  be  noticed  : — 


ORDER  CH1ROPTERA. 

Famjlv  Rhinou}PHID£ — In  the  existing  genera  of  this  fwuily 

dental  formula  never  exceeds  /  -,  C.  -,  Pm.  -,  M.  --,  aiid  Ihc 

j'        i'  3'        s' 

e  carries  a  peculiar  leaf-like  expaniion.     The  type  ^eniis  Rhin- 
yJims.  in  vfliitii  the  dental  formula  is  as  above,  is  reprt-scnlccl  in 

.ve-deposits  of  Europe  by  remairw  of  exiiiing  spcdt-s.  Two 
I,  from  the  Upper  Eocene  Phosphorites  of  I*rajtcc,  have  been 
rred  lo  this  gdnus  under  the  ruimes  of  R.  dubius  and  R.  anti^uus, 
the  latter  species  is  regarded  by  some  authoTitics  as  entitled  to 
•ric  distinction,  and  the  term  Psevdarhinolofhat  has  accordingly 

pro[)oud  (or  its  reception.  Aiastor,  from  the  same  dcposim, 
n  extinct  genus  characterised  by  the  extreme  Khortnes.s  of  the 
J  region  and  other  features  of  the  skulL  PtUironyderis,  from 
Lower  Miocene  of  France,  is  stated  to  be  allied  lo  Rhinolophtu^ 

the  premolars  are  -,  and  the  limb-bones  are  said  to  resemble 

e  of  the  South  American  Mohssus.     PhyUorhtHa,  in  which  the 

nolars  arc  ,  »  represented  by  the  living  oriental  P.  diadtma 

tic  Pleistocene  cave-deposits  of  Madras,  and  perhaps  by  a  species 
Ite  Quercy  Phosphorites. 

Familv  Vespektiuomd*. — In  the  Vespcrtilionida  the  nose  does 
carry  a  distinct  folhoilnr  appendage,  the  number  of  incisors  is 

ally  -~ — ,  and  in  some  genera  there  arc  three  premolars  in  each 

Of  PUoftus,  the  existing  P.  auritus  occurs  in  the  ca\«Tn- 


Snts 


of  Europe,      i'affmgo,  with  incisors  usually  -,  and  pre- 

t  -J 

ilans  ",  is  perhaps  represented  in  the  Upper  Eocene  of  the  Paris 

da  by  the  welUknown  I',  parisi'tiisis,  which  appears  closely  allied 
die  existing  V,  urofina,  although  gcnerically  separated  by  some 
iters  under  the  name  of  Nvifitheriufn.  This  genus  has  also  been 
KTibed  from  the  Eocene  of  North  America,  where  it  is  repre- 
ited  by  several  species,  ninginy  as  low  down  as  the  BiJdger 
rilOn,  some  of  which  have  been  described  under  the  name  of 
Ktitherium.  ^'yctiicstes  scrotttius,  from  the  same  deposits,  is  the 
le  of  an  allied  genu&  Remains  of  the  cxi^^ttng  V.  mxtula  (tig. 
45)  occur  in  the  English  Pleistocene.     In  ihc  type  genus  Vesper- 

o  the  denial  formula  is  /  ',  C.  ',  Pm.  ^,  M.  ^.     The  existing 

nmrinitt  occurs  in  the  cave-deposits  of  France,  and  a  considerable 
mber  of  species  have  been  referred  to  this  genus  from  the  Middle 
rtiaries  of  the  Continent,  but  the  generic  reference  must  be  con- 
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sidered  Jn  some  instances  as  open  10  doubl.  Among  thcM  tni^t^' 
nieniioiicd  y.  murinoidts,  from  the  \tiddU:  Miocene  oi  Fianct,  lalJ 
/'.  frteox  and  V.  iMtigniSf  from  the  Lower  Mioccrie  oC  Onsmj 
A  Bat  from  the  Querc>-  Phocsphoritcs  originally  named  V. 
guigfitUi  has  been  m.ide  the  ty[>e  of  a  distinct  genus  I'm/ 


Fig.  tUh-~^'"^''-V"^''^-'-    -'^Il»U.  >(«|i4ili.  and  Ion  ml  kiln]  |i»h.;  bigaifaMa 
in  lh«  U*ad^  Hilh. 

and  differs  from  Vtsfieriitio  in  the  proponions  of  the  )»eiBoluv 
Renminbi  uf  numurouii  existing  members  of  this  family  hire  bea 
recorded  from  European  caverns. 

Famii-v  Khballonukiu^e, — 'ITiis  is  an  exten&itT  family 
great  variation  in  the  number  of  ihc  Levili,  and  maialf 
lerised  by  the  no&e  and  muzzle  being  devoid  of  expan&kios, 
by  certain  peculiar  features  connected  with  the  tail.  .All  iti 
members  at  the  present  day  are  confined  10  tropical  and  k^ 
tropical  regions.     In  Taphos^s,  of  which  the  dcnul  fonDsla  B 

^,  remains  of  the  existing  T.  laccpixmu  «a» 


I.  -,  c.  -,  y«.  -,  M. 

2  1  '3 


in  the  cavc-dcposits  of  Madras ;  and  Dr  Weilhorer  constden  iM 
certain  humeri  from  the  Qucrcy  Phosphorites  nay  indicate  ie 
occvrrcncti  of  this  genus  in  the  Upper  I-Ioccne.  In  the  BratOiia 
cave-deposits  we  meet  with  remains  of  a  Afaltnn/s  (D^sa^s),  jn^ 
ably  identical  with  the  living  Jlf.  TirmmifuJb'  of  th^  same  rtgHS- 
Kamiiv  Phvllostojiatid^. — 'Hie  last  family  is  tlut  of  the  iV 

I  In  the  previouc  edition  thb  Grur  wm  wToag);  naacd  f,  /wtmImW. 
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Tig,  ij(fi, — tj,l*n1  vi»ir  of  ih>  iVliII  of  iha  J«vtlir> 
Bal  {FAjrliinlrma  <4ajMA(Vi> 


p,  now  confined  lo  tropical  America,  and  distingui'thed  by 
fence  of  cutaneous  ex]>ansions  in  ihe  ntwil  region,  as  well  ns 
euHorily  in  the  number  of  tlic  digits  oftlic  iiiatiu-(.  In  this 
[the  existing  Vam- 
keriVww,  having  the 

xmub  /.  -,  C.  -( 

3  '        * 

y.  ■.  logcther  »iili 

undetermined    spc- 
PkyUoshma    (fig. 
which   the  pre- 

-,  occur  in  the 

its     of    Brazil, 
enough  the  man- 
a   lor^e  Bat,  from 
Phosphorites, 
under  the  name  of  A<!fTr>wAv//>,  appears  lo  Indicmc  the 
of  this  liuiiil)'  in  iIil-  European  Eocene, 
iusiou  it  should  be  observed  that  Professor  Cop*r  thinks 
Mammal  from  the  Miocene  of  North  America,  which 
iribed  under  the  name  of  Dommna,  may  pois&ibly  belong 
rhiiopLcra. 

Ut  XI.  I'RiMATE.'i, — This,  ihe  highest  order  of  M.immats, 
Ca  tl>e  LeiQurs,  Moakc>^,  Baboons,  Apes,  utLd  Man.  The 
te  unguiculate,  and  usually  five  in  number;  and  in  exii^ting 
fith  the  exception  of  Man,  the  hallux  is  opposable  to  the 
^iis.  The  pollex  may  be  wanting',  but  when  present  is 
Opposable  to  the  other  digits  of  ihe  manus.  The  dentition 
Ddont  and  heterudont.     In  the  existing  and  tlic  allied  extinct 

the  incisors  are  usually  -,  and  the  true  molars  (with  Uie 

n  of  the  HapaUdd)  -  in  number.    The  cruuns  of  [he  cheek- 

*,  moreover,  always  adapted  for  grinding;,  and  those  of  the 
fau^  generally  consist  of  four  tubercies,  or  L'usps,  which  may 
(C  simple,  or  modiflcd  so  as  to  form  imperfect  transverse 
|r  crescents ;  but  some  cxnnct  types  have  trituhercular  upper 

nructurc  of  the  premolars  is  always  simpler  than  th.il  of 
t  molars;  and  in  many  Lcmuroids  the  anterior  lower  pre- 
Bumes  the  form  and  functions  of  a  canine,  as  in  Ihe  Coty- 
ififr  1347)-  -^1  existing  forma  have  the  orbit  entirely  sur- 
I  by  bone ;  while  complete  clavicles  are  present,  and  there  is 

2  0 
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no  entepicondylar  foramen  to  the  humerus,  nor  a  third  trochanter 
to  the  femur.  The  terminal  phalangeals  of  the  digits  are  flattened. 
In  the  soft  parts  there  is  a  discoidal  placenta,  as  in  the  Insectivora. 
In  our  present  state  of  knowledge,  it  is  difficult  to  draw  a  line 
between  the  more  generalised  fossil  representatives  of  this  order 
and  the  Insectivora,  Some  remarks  on  the  probable  origin  of  the 
Primates  have  been  already  made  under  the  head  of  the  last-named 
order,  while  others  are  added  below. 

Suborder  i.  Lemuroidea. — ^The  existing  members  of  this 
group  differ  in  many  respects  from  the  following  suborder,  but  at- 
tention may  be  directed  mainly  to  certain  osteological  and  dental 

characters.  Thus  the 
skull  (fig.  1347)  has 
a  somewhat  produced 
muzzle;  the  orbits  are 
not  closed  behind  by 
bone,  but  open  freely 
beneath  the  post-orbiul 
bar  into  the  temporal 
fossa;  and  the  lachry- 
mal foramen  is  situated 
Fig  ..47-Ufii..e™i««c,of.h.d.„!iorth.siow     o"  ^^e  outer  surface  of 

Loris  (Jiyctietiwi  ta.rdigradia'i  \  from  the  UmUyu  re-       the  skull,  instead  Of  witll- 

gion.     The  lusli-liJn!  iDOih  in  Ihe  lower  j«w  U  the  Mcond       .        -  ,.        ,^,  ., 

premolar.    (After  Giebet.)  m  the  Orblt.      1  he  nOStnIS 

have  a  peculiar  twist  on 
the  outer  side.  The  incisors  vary  much  in  the  different  families, 
but  they  are  frequently  separated  in  the  middle  line,  and  are  usually 

-  in  number,  although  they  are  reduced  to  -  in  Chiromys;  those  of 
2  I 

the  lower  jaw  being  frequently  procumbent.     Canines  are  present 

except    in    Chiromys.       The    number    of    premolars    varies  from 

^  in  Chiromys  to  ^  in  the  extinct  Adapts,   but  is  generally  either 

o  4 

'  or  ^  ;  while  frequently  the  second  lower  premolar  is  larger  than 

either  of  the  following  teeth.  The  outer  tubercles  of  the  upper  tree 
molars  (fig.  1349)  are  laterally  flattened,  while  the  inner  ones  fonn 
imperfect  crescents  ;  and  in  the  lower  molars  the  tubercles  like- 
wise form  a  pair  of  imperfect  crescents.  The  second  digit  of  the 
pes  has  a  long  claw-like  nail,  but  all  the  other  digits  have  nails ;  the 
digits  themselves  being  five  in  number,  and  the  long  pollex  being 
generally  opposable.  The  brain  has  but  few  convolutions,  and  the 
cerebellum  is  only  partially  covered  by  the  cerebrum. 

Many  of  the  foregoing  characters  are  common  to  other  ordeis. 
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such  as  the  Insectivoni.  In  the  case  of  fossil  fonns  it  appears,  in- 
deed, that  tlie  Lemuroids  can  cnly  be  distinguished  from  the  Insec- 
tivores  by  the  absence  of  the  clert  in  the  terminal  phalangeals  of  the 
digits,  so  that  when  these  arc  unknown  it  is  frcqucnil)-  very  difficult, 
if  not  imposEiblc,  to  determine  to  which  order  such  forms  should  be 
referred.  Since,  moreover,  as  wc  have  stated  under  ihc  head  of  the 
Insectivora,  it  is  probable  that  I nsectivores  and  Lemuroids  are  de- 
scended from  the  same  ancestral  stock  we  must  expect  to  find  ibe 
characters  common  to  the  two  groups  increasing  in  importance  and 
number  as  we  recede  in  time.  By  Professur  Cope  the  Lemuroids 
are,  however,  regarded  as  clof^ely  allied  to  ihe  Ctindylnrtluous  Un- 
f^lates  ;  and  that  vrtiivi  proposes  to  brifpidc  together  the  Primates, 
Condylarthra,  and  Hjiacoidea  undtr  the  common  name  of  Taxco- 
poda ;  the  Condyiarthia  being  regarded  as  the  ancestral  type.  Now 
although  wc  may  be  prepared  to  admit  the  deriv-ation  of  the  Coiidly- 
aithra  from  the  common  &tock  which  gave  origin  io  the  Insectivora 
and  Primates  (sec  p.  1455),  yet  the  apfiarcnt  absence  of  clavicles  in 
all  the  known  repfcsentalives  of  that  group  renders  it  at  least  pre- 
mature to  say  defiiiiicty  ih-ii  it  gave  rise  to  the  Primates.  At  the 
present  day  lemuroids  are  confined  to  the  warmer  regions  of  the 
Old  ^Vorld,  being  especially  chamccerisiic  of  Madagascar  and  certain 
parts  of  AfrioL  The  recent  forms  are  divided  into  the  families 
Lemurida,  Taniida,  and  Chxramytda. 

Family  Hvopsodostid*. — This  family  name  was  proposed  by 
Dr  ScJilosscr '  for  the  reception  of  certain  North  American  Eocene 
forms  now  looked  upon  by  most  writers  as  undoubted  l.emuroid3, 
although  some  of  them  have  been  classed  among  the  insectivora. 
The  most  generalised  form  is  Pelytodns,  from  the  Eocene  of  New 
Mexico^  at  one  time  regarded  by  Pro- 
fessor Cope  as  an  Inseciivore  allied  to 
7uf>aia.  Dr  Schlosscr  states  that  it  pre- 
sents some  affinity  to  the  Insectivorous 
Mkrockxrus,  which  hi;  places  in  the  somt; 
family,  JJyopsodus  <fig.  1348J,  of  the 
American  Eocene,  ha-s  the  dental  formula 

1.  \   C.  -,  Pm.  ^,M.^;  the  third  upper 

a  I  4  3 

premolar  is  as  well   developed  as  the 
Kcond,  by  which  character  it  is  readily 
distinguished  from  Mitrockxrus,  to  which 
it  has  been  compAred.     Several  species 
which  one  comes  from  the  Lower  or  I'lierco  Eocene,  while  the  others 
arc  from  the  higher  Wasatch  and  I3ridgcr  horizons.     Adicrosyvps  is 


Kic-  ■  !»&— P'Ulal  ii<«  of  the 
IeA  uppfT<it)ui(llawcfO)ritnii>iivi 
vt  flfffit^ui  i-it^riui ;  (nar  ilie 
EocvneoT  Konh  Amelia.  (Alter 
C»p*-) 


have  been  dcscrilicd,  of 


'  Vi  xotif^Y  igxvtti.  »*  JJyvftoJiJ*. 
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an  apparently  allied  form  from  the  North  American  Eocene  said 
to  have  only  three  premolars.  In  Pelycoius  the  hallux  was  not 
opposable.  There  are  a  number  of  other  names  which  have  been 
applied  to  American  forms  of  uncertain  position,  but  since  the 
synonymy  is  very  complex  nothing  would  be  gained  by  quoting 
them  here. 

Family  Lemurid-^;. — Passing  to  Lemuroids  more  closely  allied 
to  existing  forms  those  extinct  genera  may  first  be  noticed  many  of 
which  exhibit  the  generalised  feature  of  having  four  premolars  in 
either  jaw,  on  which  grounds,  coupled  with  certain  slight  differences 
in  the  form  of  the  lower  premolars,  Dr  Schlosser  r^ards  them  as 
constituting  a  distinct  family — the  Adaptda.  We  may,  however, 
provisionally  follow  Professor  Flower  in  including  them  in  the  I^mu- 
ridtB,  of  which  they  will  iona  the  subfamily  Adapitta.  The  best 
known  of  these  forms  is  the  type  genus  Adapts  (Apkehtherium,  or 
PalaoUmur),  from  the  Upper  Eocene  (Oligocene)  of  both   France 

and  England,  in  which  the  dental  formula  is  /  -,   C.  -,  Pm.  ~,  M.-\ 

a         I  4         3 

the  upper  molars  being  of  a  quadritubercular  type.     The  last  upper 
premolar  is  as  complex  as  the  true  molars,  which  (fig.  1349)  re- 
semble those  of  Lepidokmur  and 
HapaUmur,  while  the  skull  makes 
the  nearest  approach  to   that  of 
Propiihecus.     It  has,  indeed,  been 
suggested  that  this  and  the  allied 
genera  show   certain  relationships 
to  the  Anthropoidea  which  are  not 
seen  in  existing  representatives  of 
the  suborder ;  but  their  alleged  re- 
lationship to  the  bunodont  Artio- 
dactyla  does  not  appear  to  be  sub- 
stantiated-    The  imperfectly  known  genus   Canopitheats   from  the 
Upper  Eocene  of  Switzerland  is  regarded  by  Dr  Schlosser  as  iden- 
tical with  Adapis,  although  Professor  Riitimeyer  considers  that  it  is 
allied  to  the  American  Pelycodus.      From  the  Eocene  of  North 
.\merica  we  have  the  two  nearly  related  genera  Tomitherium  and 
Notkarctus.     The  former  (with  which  Umnotherium   of  Professor 
Marsh  is  identical)  is  distinguished  by  the  single  roots  to  the  fae- 
molars,  and  by  the  development  of  a  third  lobe  to  the  last  lower 
true  molar.     Nolharctus  agrees  with  Adapis  in  the  presence  of  t«o 
roots  to  the  premolars,  but  has  a  larger  lower  canine.     ThinolisUi 
and  Telmatolestes  are  probably  allied  to  or  identical  with  the  pre- 
ceding genera ;  both  being  from  the  American  Eocene. 

Turning  to  the  more  typical  representatives  of  the  family,  in  which 
at  least  the  upper  premolars  do  not  exceed  thre^  we  have  the  souli 


Fig.  1340.— Palalalaspecluf  ibe  Icftut^r 
checK-tccin  of  Adafiis  ma£nai  from  lix 
Upper  Eocene  or  Hainpihtre. 
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Necrotemur  from  the  French  Phosphorilcs,  the  dental  faimula  of 

which  Dr  Schlosser  gives  as  /  ■ ,  C.  ■ ,  Pm.  3,  M.  ^,  or  ihc  same  as 

■'33 
in  the  existing  Tarsitu,  although  he  suggests  that  in  some  cases 
there  may  liavc  been  four  tower  ]>remolars.  The  skull  resembles 
that  of  the  li\'ing  genus  Gaiago  of  Africa,  both  in  size  and  structure, 
as  is  specially  shown  Ijy  the  prominent  auditory  bullx.  The  upjier 
molars  arc  also  Ukc  those  of  one  species  of  that  genua,  although  the 


Tig.  1)50.— LranlURi  of  Am^lrmrrfiitt  trmttcuJrt;  Itoin  Ihe  Vi'Auiiti  I'.octnf  of  Koitti 
Ascrio.  *.  Praoi  th«  left  ilde;  t,  Obliqu*  riew:  t.  From  above;  J,  From  b«Iow (enlaifcA). 
(AlWCopt.) 

last  premolar  is  distinguished  by  having  only  one  outer  column,  and 
is  accordingly  simjilcr  than  the  true  niolara.  In  this  rciipt'Ct  JVtero- 
kmur  agrees  with  Chircgaleus  of  Madagascar. 

PitsiaJapis,  from  the  Lower  Eocene  of  Rhcims,  may  be  provision- 
ally pbced  here-  Anaptvmurphui,  from  the  Middle  Eocene  of 
North  .America,  of  which  the  cranium  and  mandible  are  shown  in 
the  accompanying  figures,  seems  to  be  allied  to  Nitcrn/tniur,  hut  has 
two  knrer  incisors,  and  the  upper  premolars  are  unusually  complex 
and  approach  those  of  the  Anthrvpoidta.     The  upper  molars  are 

^trituberculor  ;  and  Professor  Cope  gives  the  dental  formula  as  Jl  - , 

-,  Pm.  ~,  M.  -.      Cynadonhmys  is  an  imperfectly  known  genus 
I  a  J 

from  the  Wasatch  Eocene ;  and  MixodccUs  an  older  one  from  the 

Pucrco  orLoft'er  Eocene  of  North  America.     Dr  Schlosser  also  n- 

gaida  the  American  Eocene  genus  Omcmys  as  allied  to  N<cr<>lcmttr, 
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although  it  was  considered  by  Professor  Cope  to  be  more  nearly 
related  to  Hyopsodus.  Lemuravus,  of  the  American  Eocene,  may 
perhaps  belong  to  the  preceding  division  of  this  family. 

The  total  absence  of  remains  of  Lemuroids  from  the  Miocene  of 


1^-  t3<T--.-Left  ruDDs  of  the  muidible  of  Anafitomprphus  rmuiut,  waniinf  alt  the  teclh  tt- 
cepl  ihe  la.ll  premoku  and  fint  two  true  molars  ;  from  the  Brid^cr  Eocene  of  North  Amclica. 
a.  Outer ;  t.  Inner ;  c.  Upper ;  d.  Lower  view.     Twice  osilutal  sue.    (After  Cope.) 

Europe  and  North  America  points  to  their  early  disappearance  from 
those  regions. 

Suborder  2.  Anthropoidea. — In  all  the  known  members  of 

this  suborder  the  number  of  the  incisors  is  - ;  the  upper  ones  being 

always  in  contact  in  the  middle  line,  and  the  lower  ones  not  pro- 
jecting forwards  to  any  great  extent.  The  orbit  is  completely 
closed  behind  by  bone ;  and  the  lachrymal  foramen  opens  within 
its  cavity.  The  pollex  is  short,  and  the  second  digit  of  the  pes  has 
a  true  nail.  This  suborder  may  be  divided  into  the  Platyrhim  and 
Catarhine  sections.  In  the  former,  which  is  confined  at  the  present 
day  to  South  America,  the  structure  of  the  cheek-teeth  is  inter- 
mediate between  that  obtaining  in  the  Lemuroidea  and  the  succeed- 

ing  section.     The  premolars  are  always  -  in  number,  but  the  true 

■J 

2  % 

molars  may  be  either  -   {Hapaiida),  or  -  {Cebida);  and  the  last 

lower  true  molar  has  a  small  hind  talon.  The  nostrils  are  simple, 
widely  separated,  and  placed  nearly  at  the  extremity  of  the  snout. 
The  pollex  is  either  absent,  or,  if  present,  is  not  opposable ;  and 
there  are  other  characteristic  external  features. 

The  genus  Laopilhecus,  from  the  Miocene  of  North  America,  has 
been  referred  to  this  section,  but  its  dentition  approximates  to  that 
of  the  early  Lemuroids,  and  its  position  must  be  r^aided  m 
unsettled. 

Family  Hapalid*. — In  the  Marmosets,  which  are  nearest  to  the 
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Lttnuroicka,  two  specie*  of  HapaU  have  been  recorded  from  the 
ca\-c-dcposits  of  Brazil,  one  of  which  is  regarded  as  extinct, 

Fauilv  CtBiD.t. — The  Brazilian  cave-deposits  have  also  yielded 
remains  of  various  Cebida:  referable  lo  ihc  cxihltiig  genera  Cafiifhrix^ 
Cebus,  and  Mycetts;  several  of  which  appear  indistinguishable  from 
specica  sitll  inhabiting  ihe  ume  region.  A  moiilcc)'  allied  to  Mycefts, 
|rat  of  larger  vxk  than  any  existing  species,  has  been  referred  to  it 
'dfednct  genus  under  the  n^iiiie  of  ProSi'PithKats. 

Catakhixk  Section. — In  this  st-ttioii,  wliich  comprises  the  three 
families  Cercopitkeada,  Stmiidit,  and  Uominidcr,  the  number  of  ihe 

dicek'tcclh  is  always  Pm.  -,  M.    ,  and  the  crowns  of  the  true  molars 

are  cither  transversely  ridged  or  simply  tubercular.  The  nostrils 
are  straight,  and  placed  close  together,  .-ind  their  septum  is.  narrow. 
In  all  except  Colehut,  where  it  is  absent,  the  pollex  is  opposable  lo 
ihe  other  digits^  'Hie  tail  \s  never  prehensile,  and  may  be  wanting  ; 
while  cheek-pouches  and  ischial  cillnsilics  are  often  present.  With 
ihe  exception  of  one  species,  which  occurs  at  GibraUar,  all  ihc  exist- 
ir^  CtnopitkiHda  and  Si>tiid,r  are  confined  to  Asia  and  Africa. 

Family  CEKCOi-iTHhciOA:. — In  this  family,  which  includes  most 
of  those  Old  World  genera  rommonly  termed  MonkL-j-s  and  Ita boons, 
the  tubercles  of  the  true  molars  are  developed  into  a  pair  of  imper- 
»|fect  transverse  ridges,  nnd  the  third  lower  trut-  molar  has  a  hind 
tbbc  or  talon,  It  has  been  stated  that  the  genus  Calobus  occurs  in 
the  Miocene  of  Bavaria,  hut  the  siiecimcn  on  which  this  dotcrmina- 


Fig.  tns.— L«Alil«al  vi**  of  Ihe  tlmllorOwir/tdAu  vn/Ku;  KeccKL.   AMok   Reduced- 

lion  was  made  really  belongs  to  the  Artiodactylate  genus  Cehoiharus. 
The  somewhat  widely  spread  genus  MacaCMS  is  rcpicsentcd  in  the 
Pliocene  Siwalilts  of  India,  and  also  in  the  Vppcr  I'lioecnc  of  the 
Continent  and  the  Pleistocene  of  India ;  one  of  these  continental 
species  having  probably  been  described  under  the  name  of  Auiax- 
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inus.  The  Asiatic  genus  Semnopiihecus  is  known  by  remains  of 
existing  species  in  the  Indian  Pleistocene,  and  by  extinct  fonns  in 
the  Siwaliks  of  the  same  country,  and  also  in  the  Lower  Pliocene  of 
France  and  Italy.  Mesopithecus,  from  the  Lower  Pliocene  of  Greece 
and  Hungary,  is  an  extinct  genus  allied  in  cranial  characters  to 
Semnopithecus,  but  in  the  structure  of  the  limbs  approximating  to 
Macacus.  The  genus  Cynoapkalus,  now  confined  to  Africa,  and 
characterised  by  the  long  and  projecting  facial  region  and  the  nearly 
vertical  position  of  the  orbits  (fig.  1352),  is  found  fossil  in  the  Plio- 
cene Siwaliks  of  India,  and  in  the  Pleistocene  of  Southern  India  and 
Algeria ;  and  thus  indicates  the  intimate  relations  of  the  Indian  and 
African  faunas.  Ortopiihecus,  from  the  Middle  Miocene  of  Italy, 
was  probably  allied  to  the  preceding  genus,  but  only  an  immature 
mandible  is  known. 

Family  Simiid£. — In  the  Simiida,  which  includes  the  Gibbons, 
Orangs,  Chimpanzees,  and  Gorillas,  the  tubercles  of  the  cheek-teeth 
(fig.  1353)  are  low  and  blunt,  and  the  angles  of  their  crowns  are 

more  or  less  rounded  off,  and  the 
third  lower  true  molar  has  no  hind 
talon.     The  canines  are  large,  and 
the  hallux  is  opposable.     The  Gib- 
bons are  represented  in  a  fossil  state 
in  the  Pleistocene  of  Borneo  by  a 
species  of  Hylobates,  and  by  another 
from  the  Middle  Miocene  of  France 
which  may  be  included  in  the  same 
genus,  although  separated  by  some 
under    the    name    of    Pliopilheais. 
Dryopitfueus,  from  the  Middle  Mio- 
cene   of    France   and    the     Lower 
Miocene  of  Hessen-Darmstadt,  was 
a  large  Ape  of  the  size  of  the  Chim- 
panzee, but  with  teeth  resembling 
those  of  the  Gorilla.      Lastly,  the 
Pliocene  Siwaliks    of    India    have 
yielded  a  species  of  Anlhropopithi- 
ats  {Troglodytes)  apparently  closely   allied  to  the  existing  African 
Chimpanzee ;  while  there  are  also  indications  in  the  same  deposits 
of  a  species  of  the  Malayan  genus  Simia  (Orang).     A  skull  of  the 
existing  species  of  Simia  is  shown  in  woodcut,  fig,  1354. 

Family  Hominid*. — The  last  and  highest  family  of  the  class 
comprises  only  Man  {Homo),  and  requires  but  little  notice  in  this 
work.  It  may,  however,  be  observed  that  the  teeth  form  a  nearly 
even  horse-shoe-shaped  series,'  without  any  diastema  or  marked 
increase  in  the  size  of  the  canine,  and  are  thus  in  striking  contra^ 


Fi^.  '353- — PaTataT  aspect  of  the  man- 
<lihlp  of  Hylohates  untiquitt ;  from  the 
Middl*  Miocene  of  France. 
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to  those  of  the  Simiidte  (compare  a  and  s  in  ii%.  1354);  although 
their  number  and  structure  are  identical.  Tlie  skull  is  al«)  remark- 
able for  the  great  relative  sJic  or  the  crania],  and  the  shortnesii  of 
the  facial  portion. 

Man  has  certainly  atistcd  throughout  the  Pleistocene  period,  and 
there  is  also  evidence  of  his  presence  at  the  epoch  of  tlie  St  Prcst 
beds  of  the  south  of  France,  which  are  equivalent  to  the  Norfolk 
Foresi-hed.  and  are  referred  by  some  authorities  to  ihe  base  uf  the 
Pleistocene,  and  by  oih«rs  10  the  top  of  the  Pliocene.  Somewhat 
doublfiJ  evidence  of  his  existence  in  the  true  Pliocene  of  Italy  has 
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fV'  1)54-— Left  1«i(Ib)  vievof  tbc  tkallof  («)ihe  Or»iig  (^lor^}  and  Cb)  «  Enrapwa. 


St  forward  ;  and  it  has  been  asserted  that  a  skull  found 
county,  in  the  United  States,  is  from  Pliocene  beds. 
In  the  latter  instance,  however,  some  authorities  doubt  whether  the 
skull  in  question  was  really  obtained  from  these  beds,  while  others 
consider  that  the  bedK  themselves  are  not  earlier  than  the  Pleisto- 
ccoe.  Far  stronger  proofs  than  tho&e  hitherto  brought  forward 
tniKt  be  forthcoming  before  the  nllefijed  existence  of  Man  in  the 
Middle  Miocene  of  France  can  be  accepted.  The  e^'idenccs  of  his 
existence  in  the  Recent  period  belonj;  rather  to  the  domain  of  the 
archaxitogigt  and  ethnologist  than  to  that  of  the  palaiontologist. 

In  conclusion,  it  may  be  mentioned  that  Professor  Cope  regards 
the  ffominida  as  having  originated  independently  of  the  other  An- 
thropoidea  from  a  Lemuioid  slock  ;  hut  much  more  conclusive 
evidence  than  that  yet  adduced  is  necessary  to  support  this  view. 
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PART    IV. 


CHAPTER    LXIV. 

CLASSIFICATION  AND   GENERAL   SUCCESSION 
OF  PLANTS  IN  TIME. 

The  department  of  Palaeontology  which  deals  with  the  relations  of 
Plants  to  time  is  usually  spoken  of  under  the  name  of  Paljeobotany 
or  Paheophytology,  and  is  one  of  wide  extent  and  great  complexity. 
To  render  adequate  justice  to  the  vast  body  of  knowledge  which  has 
been  accumulated  as  to  the  past  history  of  plants,  an  amount  of 
space  much  exceeding  that  available  in  the  present  work  would 
be  required.  Moreover,  the  subject  is  one  which  cannot  be 
thoroughly  dealt  with  except  by  a  specialist,  and  which,  in  itself,  is 
of  less  importance  to  the  general  geological  student  than  is  Palaeo- 
zoology.  For  these  reasons,  nothing  more  will  be  attempted  here 
than  to  give  an  extremely  brief  and  entirely  general  sketch  of  the 
past  distribution  and  succession  of  the  chief  types  of  plant-life  ;  the 
extinct  groups  being  treated  with  somewhat  greater  detail  than  those 
now  in  existence.  In  most  cases,  however,  no  description  of  the 
characteristic  structures  of  the  different  groups  can  be  given  ;  nor 
is  it  possible  to  introduce  so  much  as  a  sketch  of  the  general  mor- 
phology of  plants.  For  such  the  student  must  be  referred  to  works 
devoted  to  structural  Botany,  to  which  he  must  also  look  for  the 
meaning  of  such  technical  terms  as  are  here  made  use  of. 

CLASSIFICATION. 

As  regards  the  classification  of  Plants,  the  following  table  shows 
the  leading  groups  into  which  the  existing  members  of  the  Vege- 
table Kingdom  are  divided  : — 


1478        CLASSIFICATION   AND  SUCCESSION  OF   PLANTS. 


KINGDOM    VEGETABILIA. 


SUB-KINGDOM    A.— THALLOPHYTA. 


Hmtntli  L— ALQf. 


Class  i.  Diatomace*    , 

„      3.    PHYCOCHROMOPHYCe 
,,      3.   FUCACE*   . 

Diatoms. 
Desraids. 
.      Sea-weeds, 

,,    4.  Chlorospore^ 
„     5.  Floridea 

„    6.  Characea 

Siphonett. 
Red   Sea-weeds, 
Nulli  pores. 
.     Charas. 

SBBIEB 

n.— FDKOL 

Corallines, 


This  series  includes  the  Lichens  (Lichenes)  and  the  true  Fungi,  the  U 
being  split  into  several  divisions  which  need  nM  be  inserted  here. 

SUB-KINGDOM    B.— CORMOPHYTA. 


SBBIEB   L— BB70PH7TA   (Aiugwu). 


Class  i. 
..    2. 


Musci 

HEPATlCiC 


Mosses. 
Liverworta. 


8BBIS8  n.— PTERmOPHTTA  (Aorogou). 


Class  i.  Filicace.g. 

Order  1.  Stipulat^e. 

a,  Ophioglossea   ,  ,     Adders' -tongues. 

b.  Maraitiacea     .  Marattia, 
Order  2,   Filices        .                   ,     Ferns, 
Order  3.  Rhizocarpe*     ,        .     Rhizocaips. 

Class  2.  Equisetace^    .  Horsetails. 

Class  3.  Lycofodiace^, 

Order  I.  Isospoke^  {DuAoloma). 
a,  Lycopadea       .        .         .1 
h.   PsihUa  ,         .         .         .  >  Lycopods. 
c    Phyllegliasea  .         .         .  l 
Order  3.  Heterospore.^  {Liguiata). 

I-Srf":    :    :!ci.b..osses. 


series  m.— fhahebogails. 

Class  i.  Gymnosperme^c. 

Order  I.  Cycadace*        .        .     Cycads. 

Order  2.  Conifers  .        .     Conifeis. 

Order  3.  Gnetace*  .  Welwiischiai. 

Class  a,  Angiosperme*. 

Subclass  I.  MoNOCOTYL*(Endo.  j  ^^^^  p,,^^_  lilies.  &c 

,,        2.  DicoTYL^  (Exogens)     Rose,  Buttercup,  Dandelion,  < 


The  above  classification  is,  in  the  main,  the  one  adopted  by  I 
fessor  Thistleton  Dyer,  although  a  less  complex  anangement  of 
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Thallophytes  has  been  BdopttfcJ.  The  divisions  of  the  Fungi,  as 
bu-ing  of  no  imporiancc  to  paleontologists  in  the  present  stale  of  our 
knowledge,  liavc  likewise  been  omillcd  ;  as,  also,  hav<:  Iwen  several  of 
thcgroui>s  of  the  Algx.  In  older  botanical  systems,  plants,  in  place 
of  being  ranged  into  the  two  prinury  divisions  of  1'halioph)'tes  and 
CormDphyt(»,  were  separated  into  "  CryptO(;ains  "  and  "  J'lianeTO- 
ganu,"  the  limits  of  these  old  divisions  being  indicated  iiv  the  margin 
of  the  above  table ;  and  it  will  still  be  aometioies  convenient  to 
employ  the  former  term  as  a  colleciive  name  for  the  non -flowering 
plants.  Similarly,  the  Cryptogams  were  fornicrty  divided  into  Th,iU 
Iogen:t,  AnogenH,  and  Acrogtns ;  and  we  stilt  very  generally  meet 
with  the  two  latter  terms  (the  position  of  which  is  indicated  in 
brackets  in  tlic  table)  in  geological  works,  where  the  cxprc^ion 
"Age  of  Acrogens  "  has  become  almout  classical.  It  is,  howeii-er, 
very  inadvisable  to  retain  for  gcolo^col  piJi|joscs  a  classilication 
abandoned  by  the  more  advanced  botanists  ;  and  we  shall  therefore 
adopt  ihc  naiiK-s  Bryophytes  and  Pteridophytcs  in  place  of  the  older 
Anogens  and  Arrogens. 

fbc  'I'haUuphytes  are  cellular  plants  not  distinctly  diReremialed 
into  stem  and  leaf;  the  Al^a  being  distinguished  from  the  Fun^ 
by  the  presence  of  chlorophyll.  The  Bryophytes,  while  still  wholly 
cellular,  may  have  dimnct  Ktemsand  k-aves;  while  the  Pteridopliytes 
are  partly  composed  of  cells  and  partly  of  lonR  tubes  or  vessels,  and 
are  thus  fitted  for  the  attainment  of  considerable  dimensions.  The 
Phanerogams  arc  like  the  Pteridophytcs  in  being  vascular  plants, 
but  differ  from  all  the  preceding  groups  in  developing  flowers,  which 
in  turn  produce  seeds  containing  an  embryo.  The  scries  of  the 
Phanerogams  is  again  divided  into  the  Gymnospcnn.s,  with  naked 
seeds  not  enclosed  in  fruits,  and  the  Angiospcrms,  in  which  true 
fruiu  enclose  the  seeds.  This  latter  group  is  further  divisible  into 
two  .sections,  known,  from  the  number  of  the  seed-leaves,  as  Mono- 
cotyledons and  Dicotyledons.  In  the  Monocotyledons  the  embryo 
hiK  only  a  single  seed-leaf  or  cotyledon,  and  the  stems  grow  from 
within  and  show  no  rings  of  growth;  the  name  of  "Endogens" 
applied  to  the  group  being  based  on  this  latter  feature.  In  the 
Dicotyledons,  on  the  other  hand,  the  embryo  has  two  sccd-leavcs  or 
cotyledons;  and  the  group  is  sometimes  spoken  of  as  thai  of  the 
'*  Exoigcns,"  since  the  stems  (as  in  the  Gyranospcrms  also)  grow  from 
without,  unth  the  formation  of  distinct  rings  of  growth. 


I 


General  StrccESsiON  or  Plants  in  Time. 


As  in  the  Animal  Kingdom,  so  among  plants  there  appears  Co  be 
a  general  correspondence  between  relative  rank  in  the  icaJe  of  organ- 
isation and  the  order  of  appearance  in  time.     Thus,  as  Sir  William 
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Dawson  observes,  "  the  oldest  plants  that  we  as  yet  certainly  know 
are  Algse,  and  with  these  there  are  plants  apparently  with  the  struc- 
ture of  Thallophytes,  but  the  habits  of  trees,  which  for  want  of  a 
better  name  I  may  call  Protogens "  [Nematodendrese].  "  Plants 
akin  to  the  Rhizocarps  also  appear  very  early.  Next  in  order  we 
find  forests  in  which  gigantic  Ferns,  Lycopods,  and  Horsetails  pre- 
dominate, in  association  with  Pines.  Succeeding  these  we  have  a 
reign  of  Gymnosperms ;  and  in  later  formations  we  find  the  higher 
Phanerogams  dominant.  Thus  there  is  an  advance  in  elevation  and 
complexity  along  with  the  advance  in  geological  time,  but  connected 
with  the  remarkable  fact  that  in  earlier  periods  low  groups  attain  to 
an  elevation  unexampled  in  later  epochs,  when  their  places  are 
occupied  with  plants  of  higher  types." ' 

The  age  of  Algs  and  Nematophytes  corresponds  with  the  earlier 
portion  of  the  Palaeozoic  period,  while  Pteridophytes,  with  some 
Gymnosperms,  are  the  dominant  forms  of  the  later  Palseozoic  de- 
posits. The  Mesozoic  period  may  be  termed  the  "  Age  of  Gymno- 
sperms," while  the  Angiosperms  assume  the  leading  place  in  the 
Tertiary.  The  floras  of  the  great  geological  periods,  however,  shade 
gradually  into  one  another,  and  no  hard-and-fast  lines  can  be  drawn 
between  them.  Thus,  we  have  already  seen  that  Gymnosperms 
make  their  first  appearance  in  the  Upper  Palseozoic  rocks,  these 
ancient  types  being  the  precursors  of  the  characteristically  Gymno- 
spermous  flora  of  the  Mesozoic  period.  In  a  similar  manner  the 
Upper  Cretaceous  flora,  by  its  great  development  of  Angiosperms, 
is  more  nearly  related  to  the  Tertiary  than  to  the  preceding  Jurassic 
flora.  Moreover,  the  evolution  of  the  flora  of  difTerent  regions  of 
the  earth  by  no  means  advanced  Jiari  passu  with  the  evolution  of 
the  fauna — a  striking  example  of  this  fact  being  afforded  by  the 
Lower  Gondwana  beds  of  India  and  the  equivalent  deposits  of 
Australia,  in  which,  reckoning  from  a  European  standpoint,  we  find 
a  full-blown  Mesozoic  flora  coexisting  with  a  Palaeozoic  fauna. 

Taking  a  brief  historical  retrospect  of  the  distribution  of  plants  in 
time,  we  have  no  direct  evidence  of  the  existence  of  v^etable  life 
during  the  period  represented  by  the  Archsean  rocks.  There  is, 
however,  a  strong  probability  in  favour  of  Sir  WiDiam  Dawson's 
view  that  the  extensive  accumulations  of  graphite  associated  with 
the  Laurentian  limestones  of  Canada  are  really  of  the  nature  of 
metamorphosed  vegetable  matter,  or  that  they  have  been  derived 
in  the  first  instance  from  plants.  In  deposits  of  Cambrian  age 
most  of  the  supposed  remains  of  plants  belong  to  the  obscure  and 
difficult  group  of  fossils  commonly  spoken  of  as  "  Fucoids,"  and 
supposed  to  be  referable  to  the  Sea-weeds.    So  far  as  the  "  Fucoids  " 

'  Some  slight  verbal  alterations  have  been  made  in  this  quotation. 
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of  ihe  Cambrian  rocks  arc  concerned,  there  is  every  probability  that 
we  have  to  deal  entirely  with  the  trackii  and  traiU  of  marine  arimaiji, 
or  with  iinpreuions  of  a  purely  inorganic  character.  Thus,  the 
Cambrian  fossils  referred  to  such  gen«ra  as  Crutiann  and  Bil^biles 
are  most  pnabably  the  tracks  of  AnncHdes,  or  the  fillcd-up  liurrows 
of  Cnistaoeans.  The  fossils  from  the  Cambrian  rocks  of  Sweden 
described  under  the  name  of  Eopkyton,  and  at  one  time  supposed 
to  be  the  remains  of  land-plants,  are  almusi  certainly  not  of  a  vege- 
table nature.  As  previously  pointed  out  (p.  209),  strong  evidence 
has  Ijeen  brought  forward  by  Nathorst  in  favour  of  the  view  that  the 
sirinied  maikings  of  Baphyton  are  really  produced  by  the  trailing  of 
the  tcninclef  of  Jelly-fishes  over  the  surface  of  soft  sediment,  I  wisely, 
the  au-called  Oidhamia  of  the  Ounbrian  rucks  (p.  J05)  haa  been 
regarded  as  an  Alga,  but  it  may  have  been  produced  by  animal 
,Jlgcnc)-,  or  it  may  be  wholly  inorganic. 

From  strata  of  Ordovician  age  many  supposed  plants  liave  been 
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'^rijCT^iife"AtfO"  ^'«««*«'*'- «  mppweil  "  fiiwi  d "  from  iW  TriMon  Um««»B« 
(Onlovician)  af  Cauula-     (Aft«t  Billlngi.) 


dtMcribed,  and  the  great  majority  of  these  have  been  referred  to  the 
A!^(r,  and  have  been  regarded  as  the  remains  of  Sea-wccds.     Most 
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o(  these  scM^lled  "  Fticoids"  xre  wholly  destitute  of  carbon,  and 
are  almost  certainly  not  of  a  vegetable  natuie.  Many  or  tbCM 
supposed  Sca-wcL'ds — sucli  as  those  referred  to  the  genera  Pala^ 
ehiirda  and  CroKOfodia  (the  C>visofharJa  of  Schimpor) — pr«<nl 
ihcmselvcs  as  simple,  often  sinuous  or  ctin\'olutcd.  raised  maiVings 
on  the  surface  of  muddy  or  arenaceous  st-diments.  Such  tnaikir^ 
as  specially  inastcd  on  by  Nathorst,  always  occur  in  dcmi-rclicT  on 
the  sndfr  surlaces  of  the  beds  in  which  thej'  art*  round ;  and  this 
fact  would  strongly  support  the  view  that  ihcy  arc  really  the  fosls  of 
the  trails  of  marine  antmaU  such  as  Worms  or  Motlusc-s,  such  trails 
presenting  themselves  as  dqircssed  imprc-ssions  on  the  upper  *ur- 
faces  of  the  Ktraia.  Raised  impressions  on  the  under  sides  of  the 
strata,  hut  branched,  are  not  uncommon,  and  upon  these  hare  liecR 
fr>unded  such  genera  as  JJerofihyms  (fig,  1355)-  These  curiout 
fo^iU  may  be  regarded  aa  probably  of  the  nature  of  filled^up  woroi- 
burrows,  rather  than  as  mere  suiface-tiails. 

Oit  the  other  hand,  some  of  the  so^alled  "Fucoida"  of  ^ 
Ordovician,  as  also  of  the  Silurian  rocks,  appear  to  be  truly  the 


J 


Fi(>  \i3li.—tlulhMnfhlMgratiUi,  H&lt :  ■  "  ftniM  "  ftvm  tht  TmuD  t.lmwiw 
(OidovicUti)  oT  Oiuwa.    (Original.) 


remains  of  marine  A/ga^  This  is  the  case,  for  example,  with  soot 
of  the  fossils  which  have  been  referred  to  the  genus  SuthofnfAu  ct 
Hall.  The  types  in  question  {fig.  1356)  present  ihcmsdwrs  »* 
compressed,  branching  impressions,  sometimes  showing  leof-lilf 
extremities,  and  occasionally  distinctly  carbonaceous. 
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'In  addition  to  Alga:,  the  Ordovician  rocks  have  yielded  a  few 
anqueiitionahte  pbni-remains  which  aic  regarded  hy  DaWKon  ns 
prolxibly  havin^i  been  of  a  higher  grade.  'Ilius,  the  I'rolannuiaria 
of  ihe  Arenig  locks  of  Briuin,  and  :he  SpJunctfiallut  of  ihe  Cin- 
cinnati group  f)f  North  America,  are  proWsionally  referred  to  the 
Rhiiocarps;  while  the  Prvtostigma  of  the  iaitcr  formation  i<i  looked 
upon  OS  possibly  allied  to  the  Lycupods, 

In  the  Silurian  rocks  we  meet  with  various  Sca-wecds  of  an  appa- 
rently unquestionable  character,  and  along  with  thcK  ate  found  the 
remains  of  plants  of  a  higher  type.  The  mo*t  abundant  of  these 
belong  to  the  genus  Psihphylon,  regarded  by  Dawson  as  forming  a 
connecting  link  between  the  Rhiiocarps  and  the  I.ycopods.  The 
Clypl^i-dron  of  the  Clinton  beds  may  perhaps  be  related  to  I^pi- 
dodtndrtm,  but  the  supposed  Silurian  fern,  dc«^ril)cd  under  the  name 
of  Eofferix,  is  not  truly  organic.  l-iKtly,  in  the  Silurian  rocks  are 
found  the  first  traces  of  the  singular  tree-like  plants  originally  de- 
ficrtbed  by  Dawson  under  the  name  of  ProtoSnxUei,  iiut  now  termed 
Nematophyton.  The  characters  of  this  will  be  briefly  noted  imme- 
diately :  but  it  may  be  mentioned  here  that  the  curious  spore-like 
bodies,  which  have  Ijccn  dcM:ribcd  from  the  Silurian  rocks  under 
the  nunc  of  Packyihem,  are  regarded'  by  Dawson  as  not  improlrably 
belonging  to  this  planL 

In  the  Devonian  rocks,  as  more  especially  shown  by  Sir  William 
Uanaon,  vre  have  evidence  of  an  abundant  flora,  consttating  of  lK>th 
aquatic  and  tenestrial  plams.  Of  the  Devonian  fossUs  which  have 
.yl^een  referred  to  the  Alga,  the  moat  sinj^ular  is  the  genus  Sf-irofihy- 
"#i>,  comprising  certain  broad,  spirally  twisted  iinptesstons,  which  are 
very  abundant  in  some  of  the  lower  beds  of  the  Ue^'onian  seriea  of 
North  America.  Similar  impression s— often  spoken  of  under  the 
name  of  "Cauda  Galli" — occur  in  the  Lower  Carboniferous  roeks  of 
Euro(K: ;  but  their  real  nature  is  not  free  from  doubu  We  may  also 
notice  here  the  highly  remarkable  tree  like  plants  for  which  the 
genu^  Nematophyton  {Protolaxites)  has  been  proposed  by  Dawson, 
since  these  cannot  at  present  be  definitely  referred  to  any  recog- 
nised group  of  existing  plants.  According  to  Dawson,  the  planLs  in 
question  {fig.  1357)  are  "trt^e-t  of  large  *ixe,  with  a  coaly  bark  and 
large  spreading  roots,  liiiving  the  nurface  of  the  stem  smooth  or 
irregularly  ribbed,  but  with  a  nodose  or  jointed  appearance.  In- 
ternally, they  show  a  tissue  of  long,  cylindrical  tubes,  traversed  by  a 
complex  network  of  horizontal  tubes,  ihinnur-walk-d  and  of  smaller 
size."  The  tubes  apjiear  to  be  arranged  in  concentric  zones,  but 
the  plant  was  not  truly  exogenous,  and  it  is  doubtful  if  a  genuine 
bark  wxs  prcscnL  1'hc  systematic  place  of  Nematophyttm  is  un- 
ceftain,  but  the  balance  of  evidence  would  seem  to  be  in  favour  of 
its  reference  to  the  Thallophytes,  and  it  iit  regarded  b^  Ua'Kson  -ia 
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may  perhaps  havt'  been  the  fruit  of  Nematophjlon.     As  previouslv 
noted,  the  genus  occurs  aUo  in  the  Silurian  rocks. 

Coming  to  higher  plants  ihc  Rhi/oairps  are  represented  in  the 
Devonian  flora  by  such  types  as  SphenophyUum  and  Pstlofky-tm, 
the  latter  showing  affinities  with  the  I.ycopods.  Moreover,  sonic  of 
the  Devonian  shales  of  North  America  are  crowded  with  minate 
globular  ihick-vrallcd  bodies  (fig.  1358),  of  s  diaoieter  of  one- 
hundredth  of  an  inch  or  more,  which  Dawson  r^ards  «s  being 
probably  of  the  nature  of  the  "  macrosporca "  of  plants  allied  to 
the  Rhisocarps.  These  were  originally  described  urxler  the  name 
of  !^rangites  Jluronensii,  but  ihcy  are  novr  referred  by  Dawson 
to  thr  provisional  ^•.■niis  Prolesaivima.  Simitar  bodies  have  Immb 
shown  to  occur,  often  in  vast  numbers,  in  shales  of  Carboni: 
age  ui  both  North  America  and  Kuropc,  and  even  some 
appear  to  be  largely  made  up  of  structures  of  a  simibr  natutt- 

Of  still  higher  groups  of  plants,  the  Devonian  rocks  have  yielded 
the  remains  of  l/tpidodendrtin  and  Sigiilana,  representing  the  Ljrcii- 
pods,  and  of  early  types  of  Calaniite*,  rcpreseniini;;  the  HorMi 
u'hile  Iruc  Fernit,  some  of  which  attain  curuidcniblc  dimcnsii 
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in  comparative  abundmce.  lastly,  ihe  Gyiiinos perms  are 
itcd  by  the  woody  trunks  of  Conifers  (DaJcxy/vH), 
Carboniferous  depcnits  are  rcmarVnble  for  the  richnen  of 
ntflired  flora,  as  also  for  the  extensive  development  of  beds 
ible  coal  Tlie  predominam  plants  of  this  periud  belong  to 
m of  the  Ptcridophytes  and  Uymnosperms,  'Iht  former 
piCntcd  by  types  belonging 
Rhizocarps,  the  Ferns,  the 
it,    and    the    Eijuhttatea ; 

in  many  oaaes,  the  Car- 
pus plants  referred  to  these 
exhibit  (luiie  peculiar  char- 
ud  ibdf  precise  affinities 
iNdMiqPB  dear.  The  Rhieo- 
e  represented  by  the  ancient 
^kenophyNum  and  by  ihc 
lOres  of  Protasaii'inia.  The 
imetimcs  occur  in  vast  nuni- 

the  shales  <jf  the  Caibon- 
jeriod,  and  occasionally  play 
'rt.-int  part  in  the  formation 
though  this  must  be  re- 
Ks  exceptional.  The  l.ycepodtaua  are  represented  by  the 
ytopodiies,  but  the  iiio:»t  remarkable  members  of  this  scries 
oniferous  times  are  the  tree-like  lepidodendroids  (/jf/W^J- 

&c.)     The  great  group  of  the  Si^illarioids  {Si^Uaria,  &l\), 

comprising  comparatively  gigantic  plants,  is  also  usually 
1  as  belonging  to  the  scries  of  the  Lycopods,  and  is  highly 
ristic  of  the  Carbonilcrous  deposits.  Uhc  EtftinelBaa, 
re  largely  rc[irc8entcd  in  Carboniferous  times  by  the  re- 
ft and  widely  diiiiributed  group  of  the  Calamites.  lastly, 
teniferous  rocks  have  yielded  the  remains  of  a  large 
B  true  Ferns,  which,  in  most  essential  respects.,  are  similar 
Biting  ^pes  of  Che  group. 
liquesCionable  Angiospenns  have  hitherto  been  detected  in 

Carboniferous  age,  but   the  Gytiinc-spenns  are  represented 
us  Conifers  {^Dadoxyhn,  AratHtxrioxyion,  and  PiniUi). 

inivcisally  admitted  that  coat  is  fossilised  vegetable  matter,  and 
!,  in  general,  ihc  vegetation  which  formed  ihc  coal  grew  where 
Kam  is  now  (bund.  The  problem  of  ihc  pmine  mode  in  which 
kttUDS  of  the  Cdal'iucanurei  wrre  |i:)nnc<l  is  Lirgcly  a  gculogicul 
nHCd  not  l)c  discussed  here  It  i-i  lufTicicnt  10  say  here  (hat 
Be  result  of  the  biiuminisation  of  vegetable  tissues  of  <ii(ifcTcnl 
fTcrcni  coal-scams,  01  different  pontons  of  a  single  scam,  being 
tike  in  iheir  precise  structure  or  mode  of  fonnation.  According 
tscatchet  of  Sir  \\Mliaiii  Dawson,  the  microscopic  <ixaici\n%uuiw 
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of  coal  by  means  of  thm  sections  shows  that  the  "  mineral  charcoal "  of 
an  ordinary  bituminous  coal  is  woody  tissue  and  fibres  of  bark.  The 
coarser  and  more  laminated  portions  of  the  coal  are  made  up  of  "  a  con- 
fused mass  of  fragments  of  vegetable  matter  belonging  to  vanous  descrip- 
tions of  plants."  The  shining  and  brilliant  layers  of  coal  represent  the 
bark  of  Sigillarioids  or  Lepidodendroids  preserved  in  a  flattened  condi- 
tion. Certain  coals,  or  parts  of  certain  coals  may,  fiinher,  be  extensively 
composed  of  the  macrospores  or  microspores  of  various  Cart>onifeTous 
Cryptogams  ;  but  it  does  not  appear  that  coals  are  generally  made  up 
of  such  spores  for  any  considerable  portion  of  their  mass.  Lastly,  the 
microscopical  structure  and  chemical  composition  of  the  "  canneI-coals,° 
would  show  that  these  are  "of  the  nature  of  the  fine  vegetable  mud 
which  accumulates  in  the  ponds  and  shallow  lakes  of  modem  swamps." 

The  flora  of  the  Permian  period  is,  on  the  whole,  nearly  related 
to  that  of  the  Carboniferous.  The  Sigillarioids  appear  now  to  have 
become  extinct,  but  the  Lepidodendroids  seem  to  have  survived 
into  the  earlier  portion  of  the  Permian  period,  while  the  Calamites 
are  represented  by  the  genus  Arthropitys,  and  die  out  at  this  stage. 
No  undoubted  Permian  Angiosperms  are  known,  but  Conifers  are 
tolerably  abundant  Of  the  latter  the  genus  Voltaa,  which  survives 
into  the  Trias,  is  an  old  type  of  the  Taxodinea ;  while  Wakhia 
connects  the  Yews  with  the  Araucarias ;  and  the  genus  Ullmania  is 
of  interest  as  producing  true  cones. 

As  regards  the  Mesozoic  period,  the  predominant  forms  of  planC- 
life  in  the  Triassic,  Jurassic,  and  Lower  Cretaceous  rocks  are  Cycads 
and  Conifers  ;  and  the  name  of  "  Age  of  Cycads  "  has  sometimes 
been  given  to  the  Mesozoic  period,  as  regarded  from  a  botanical  point 
of  view.  Ferns,  however,  occur  abundantly  in  the  earlier  Mesozoic 
deposits  (Triassic  and  Jurassic  rocks),  and  true  Equisetet  make  their 
appearance  in  the  Upper  Trias.  The  first  unquestionable  remains 
of  Monocolyledonous  Angiosperms  present  themselves  in  the  Meso^ 
zoic  period,  the  Podocarya  and  Kaidacarpum  of  the  Jurassic  roclis 
appearing  to  be  referable  to  the  Screw-pines  {Pandanaaa).  True 
Palms  do  not  appear  till  the  Middle  Cretaceous  period  is  reached, 
but  a  few  remains  of  Dicotyledonous  Angiosperms  have  been 
detected  in  the  Lower  Cretaceous  deposits  of  Greenland. 

While  the  Lower  Cretaceous  rocks  must  be  associated  botanical!)' 
with  the  Jurassic  and  Triassic,  the  Upper  Cretaceous  deposits,  on 
the  other  hand,  are  characterised  by  a  flora  similar  to  that  of  the 
Tertiary  period.  From  the  point  of  view  of  the  palaeobotanist. 
therefore,  the  line  of  division  between  the  Mesozoic  and  Kainozoic 
epochs  falls  to  be  drawn  in  the  middle  of  the  Cretaceous  sj-stem. 
With  the  coming  in  of  the  Upper  Cretaceous  period,  in  both  the  Old 
and  New  Worlds,  a  remarkable  change  takes  place  in  the  chatacters 
of  the  plant-life  of  the  land,  the  Cycads  now  assuming  a  position  of 
comparative  insignificance,  while  the  Dicotyledonous  Angiospenns 
undergo  a  great  development  and  become  the  dominant  fonns. 
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Not  only  are  the  ordinary  Exogens  now  the  leading  forms  of  plant- 
life,  but  many  of  the  Upper  Cretaceous  types  belong  to  genera  now 
existing.  We  may  therefore  regard  the  Upper  Cretaceous  period  as 
marking  "  the  advent  of  the  modern  flora  of  the  temperate  regions 
of  the  earth  "  (Dawson).  It  follows  that  the  Tertiary  floras,  regarded 
generally,  more  or  less  closely  resemble  those  now  in  existence,  this 
resemblance  being  especially  shown  in  the  fact  that  the  predominant 
forms  of  plant-life  are  now  the  Angiosperms,  and,  more  particularly, 
the  Dicotyledons. 
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CHAPTER    LXV. 

ALGyE    AND    FUNGI. 

The  plants  included  in  the  great  series  of  the  ThaUophyta  are 
separable  into  the  two  primary  divisions  of  the  Al^  and  FUn^, 
and  are  characterised  by  the  fact  that  they  are  composed  of  cells, 
without  true  vascular  tissue.  They  may  be  either  unicellutai  or 
multicellular,  the  organism  in  the  latter  case  forming  an  expansion 
or  "thallus"  which  is  not  differentiated  into  stem,  leaf,  and  nx>L 
In  the  lower  Thallophytes  reproduction  may  be  wholly  non-sexual ; 
but  in  the  higher  forms  sexual  reproduction  takes  place,  the  result 
being  the  Formation  of  a  spore,  or  a  group  of  spores,  or  a  fructifica- 
tion within  which  spores  are  produced. 

Series  I.  Alg^, — The  group  of  the  Alga  includes  uniceUular 
or  multicellular  Thallophytes  in  which  chlorophyll  is  developed  in 
larger  or  smaller  quantity.  They  vary  extremely  in  form,  and  arc 
for  the  most  part  inhabitants  of  water,  both  fresh  and  salt  The 
Alg<B  may  be  divided  into  the  following  six  classes,  viz. : — 


Class      I.   Diatomacese  . 
„       II.   Phycochromophycfe 
,,     III.   Fucacese 
„      IV.  Chlorosporex 

,,        V.   FloridcEe 
„      VI.  CharaceK 


Diatoms. 

Desmids. 

Brown  Sea-weeds. 

Cymopolia,  &c 

Red  Sea-weeds,  NuUipores. 

Chara  and  Nitella. 


hs,  regards  the  general  distribution  of  the  Al^  in  time,  many 
forms  are  quite  incapable  of  preservation  as  fossils,  while  others  can 
only  be  preserved  under  specially  favourable  circumstances.  In 
certain  groups,  however,  the  organism  may  secrete  a  siliceous  en- 
velope, or  its  tissues  may  undergo  calcilicatiDn,  while  others  become 
encrusted  with  carbonate  of  lime.  Such  forms  readily  admit  of 
petrifaction,  and  unquestionable  remains  of  these  occur  in  the  fossil 
state.    Apart  from  these  undoubted  fossil  Alga,  numerous  markings 
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nd  impressions  in  rocks  of  all  ages,  and  cspcciaily  in  the  older 
Lrata  of  ihe  earth's  crust,  have  been  regarded  by  psleontologisEs  as 
le  remains  of  Sca-wccds.  The  characters  and  probable  mode  of 
rigin  of  many  of  [hese  Kocalled  "  Fucoids  "  have  been  already  dis- 
usscd  in  a  genera]  way  (ace  p.  483  and  pp.  1481,  1482).  Il  is  iufli- 
ient  to  say  here  thai  many  of  ihc  loMih  in  questiuii  may  be  safely 
:gardcd  us  not  belonging  to  llic  vv^cUible  kingdom,  but  as  being 
Llher  of  the  iu[ure  of  the  tracks  and  trai!>  of  Wonits  or  Mullu»cs,  or 
K  burrows  of  Annelides  or  Crui^tAceans  ^  while  others  arc  of  purely 
lorganic  origin.  Some  "Fucoids,"  on  the  other  hand,  such,  for 
(ample,  as  sonic  of  the  Tertiary  or  Secondary  fo&sils  referred  to 
'JkomJritts,  may  really  be  the  rL-mains  of  Sca-wceds.  Kvcn,  however, 
I  caws  where  there  is  a  reasonable  probability  that  these  so-«illed 

Fucoids  "  are  really  Sca-wtcds,  il  is  nevcrlbelt^ss  ini|K>SMbtc  lo  dc- 
irmirte  definitely  to  what  group  of  the  A/ga  they  belong,  sinre  the 
uctifiaition  of  the  pliini  is  not  known.  In  the  following  brief 
:counI,  therefore,  of  the  past  history  of  the  A/ga,  only  those  groups 
ill  be  treated  of  whirh  nre  of  palseontological  importance. 

Class  I.  Dmtowacf.*. — The  iJiaioms  are  unicellular  Aygtf,  (n 
hich  the  ccll-wull  is  hardened  by  the  dcpu&ition  of  mlica  so  as  to 
ive  nse  lo  a  ji^bsby  case  or  "  frusiluie,"  computed  of  two  halves 
hich  tit  into  one  another,  and  whiuh  are  often  minutely  hculpturcd 
ith  lints  or  dots  (fig.  1359).     The  cells  may  be  solitarj-,  or  they 


f't.  ij«.-Typ«  al  DUronkh  frwHly  nugniliK],  *,  JVafitfia.  liom  ihr  kincliuhr  «f 
■anmbadi  t,  Atliiu*l)nlni4,  (lain  KKfamcnd,  Virit"'u<;  t.  }'ima*li*rim,  Uowa  Sanitfion, 
»>¥;  J.  AiAu^mliiri.  from  Ltacemfon.  Svtddi;  /,  ihattma.  itceni :  f,  Trisitrntium,  fnua 
■  CBBOoW SaUuIu  Ha)-,  AfiU* 

iPbe  organically  united  in  rows.  Reproduction  takes  place  by 
ic  longitudinal  fission  of  the  cell,  each  of  the  daughter -cells  carry- 
^  off  half  of  the  original  cell-wall,  and  producing  the  missing  half 
resh,  the  two  halves  of  the  siliceous  case  being  llms  of  different 
:es. 

The  exii^ting  forms  of  the  Diatoms  arc  exceedingly  numcrouN  and 
ive  an  extnordintirtly  wide  distribution.  A  few  live  in  moist 
Outions,  but  the  majority  are  truly  aquatic,  inhabiting  fresh,  brack- 
b,  or  salt  waters,  peculiar  types  usually  being  confined  to  a  special 
Lbiiat.     By  the  accumulation  of  their  flinty  envelopes  the  DvaMvcca 
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give  rise,  both  in  the  sea  and  in  fresh  waters,  to  very  extensive 
deposits,  the  general  nature  of  which  is  that  of  a  fine  siliceous  mud, 
sometimes  arranged  in  thin  laminae.  Of  this  nature  are  the  deposits 
known  as  "  Kieselguhr,"  "  Bergmehl,"  "Tripoli,"  and  "Polit- 
schiefer,"  or,  simply,  as  "  Diatomaceous  Earths."  Such  deposits 
may  cover  wide  areas,  and  may  attain  a  very  considerable  thickness; 
and,  under  an  erroneous  idea  as  to  their  true  nature,  they  have  been 
sometimes  spoken  of  as  "Infusorial  Earths." 

As  regards  their  distribution  in  time,  the  cases  of  E>iatoms  ha« 
been  stated  to  occur  in  the  ashes  of  the  coal  of  the  Coal-measures, 
but  this  observation  has  not  been  supported  by  subsequent  investi- 
gations. In  the  Middle  and  Upper  Trias  whole  strata  are  some- 
times largely  made  up  of  elongated,  parallel-sided,  siliceous  tubes, 
with  flattened  sides  and  rounded  ends,  which  have  been  described 
under  the  generic  name  of  Baetrymum,  and  which  may  possibly  be 
Diatoms.  If  this  be  their  real  nature,  they  are  comparatively  gigan- 
tic members  of  the  class,  as  they  attain  a  length  of  fi'om  two  to  four 
millimetres.  Leaving  these  problematical  fossils  out  of  sight,  un- 
doubted Diatoms  occur  in  the  Upper  Chalk,  though  only  a  few 
forms  are  known.  The  regular  "  Diatomaceous  Earths  "  are  all  of 
Tertiary  or  Post-Tertiary  age ;  and  among  the  best  known  deposits 
of  this  epoch  may  be  mentioned  the  numerous  beds  of  "  Kieselguhr" 
which  occupy  the  sites  of  ancient  lakes  in  various  regions  in  the 
northern  hemisphere,  the  "  Richmond  E^rth "  of  Virginia,  the 
"  Tripoli "  of  Oran  in  Africa,  and  Bilin  in  Bohemia,  and  the  lami- 
nated "  Polir-schiefer  "  of  Cassel. 

Class  II.  Phycochromophyc/e. — The  Alga  included  in  this 
class  are  unicellular  or  multicellular,  usually  bluish-green  in  colour, 
and  inhabit  water  or  live  in  moist  places  on  land.  Reproduction 
takes  place  by  cell-division,  or  by  the  formation  of  asexually-produced 
cells  ("gonidia").  The  integument  is  not  hardened  by  the  deposi- 
tion of  silica  within  it  In  this  class  are  included  numerous  widely 
distributed  forms  of  the  Alga,  such  as  the  Oscillaria,  the  Nostocs, 
and  the  Desmids.  Owing  to  the  soft  nature  of  their  outer  covering, 
no  undoubted  remains  of  this  class  of  Alga  have  been  detected  in 
the  fossil  condition  ;  but  remains  of  Nostoc  are  said  to  occur  in  strita 
of  Tertiary  age,  and  the  curious  spherical  and  spined  bodies  which 
are  known  as  Xanthidia,  and  which  are  sometimes  recognisable 
under  the  microscope  in  thin  sections  of  flint  or  chert,  have  be«i 
supposed  to  be  the  spores  of  Desmids. 

Class  III.  Fucace*. — This  class  includes  the  common  brown 
Sea-weeds,  and  comprises  forms  which  are  often  of  considerable  siie 
and  of  various  shape.  The  thallus  is  often  foliaceous  and  much 
branched,  or  may  be  more  or  less  filamentous.  The  reproductive 
organs  are  developed  in  special  cavities  or  "  conceptacles."     The 
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tniegument  h  not  hardened  by  the  deposition  of  lime  or  flint.  Cei- 
lain  Tertiary  fossils  have  been  described  by  pplxobot-inists  As  be- 
longing to  this  group  uf  Sca-wccds,  but  the  nature  of  many  of  these 
is  very  doubtful. 

Class  IV.  Cmlorospore-c. — ^This  class  includes  a  number  of 
green  or  olive-coloured  Al^pe,  which  live  in  the  sea  or  in  fresh  waters, 
and  which  reproduce  th^:m^dves  by  cell-division  or  by  the  develop- 
ment of  spores  in  spedal  cavities,  while  swann-s pores  occaaionally 
exist.  The  only  group  of  this  dnxs  which  attains  sutficicnt  palxon- 
lological  importance  to  require  special  notice  in  that  of  the  Siphontts 
Xtertidllata:,  This  family  includes  green-coloured  marine  Algse,  in 
which  the  thallus  consifils  of  a  single  cell,  which  may  or  may  not  he 
hardened  by  (he  deposilion  of  carbonate  of  lime  in  its  wull.  The 
single  cell  which  constitutes  the  entire  plant  maybe  of  gigantic  ^Lw, 
coropuntivcly  speaking,  and  may  be  simple  or  branched.  At  its 
base  the  cell  sends  out  rooi-likt;  prolong^iIiDus,  by  means  of  which 
it  \s  ftttftched  to  foreign  bodies ;  while  its  ascending  portion  gives 
origin  to  whorls  of  lateral  tubular  piocesses.  Reproduction  takes 
pUcc  by  the  development  of  swarm-spores  in  special  cavities  or 
chambers.  The  few  living  forms  of  this  family  {Cymapalia,  Nw 
meris,  Atetabuhria,  &c.)  arc  inhahiUnU  of  warm  seas ;  and  with 
these  must  tjc  assnciatcd  an  extensive  scries  of  fossil  ty|ics,  which 
have  been  commonly  regarded  ss  referable  to  the  Jvramim/era  or 
the  Corals,  and  the  real  nature  of  which  was  lir&I  demonstrated  by 
Munier-Chalm  a*. 

As  above  pointed  out,  the  thallus  of  the  Siphonea  vertici/iatce 
may  be  simple  or  dichotomously  branched,  and  consists  of  a  single 
anal  cell,  which  is  fixed  to  foreign  bodies  by  root  tike  l»a5al  exten- 
sions. The  unicellular,  often  divided,  axis  gives  out  at  intervals 
wfaorls  of  short  tubular  processes  (Bg.  1360,  11),  the  point  of  origin 
oF  each  whorl  being  commonly  marked  by  a  constriction  of  the  stem. 
In  some  cases  (e./;.,  in  Ovu/Ucs  and  Dipiofiora)  the  primary  whorled 
prtxresses  do  not  subdivide;  Inil  in  others  {r.^i;.,  in  Cymopolia)  the 
primaiy  offshoots  (fig.  1360,  c,  c)  divide  again  into  secondary  pro- 
ceates,  some  of  which  (b)  arc  sterile,  while  others  (a)  arc  connected 
with  reproduction.  The  sterile  offshoots  terminate  in  free  extremi- 
tiea  whidi  are  often  dilated  and  club-shaped,  and  by  their  apposU 
tion  give  rise  to  a  porous  superfida)  layer.  The  fenile  ofiiihoots^  on 
the  other  liaiid,  constitute  spherical  sporangia  {a),  which  arc  wider 
than  the  sterile  processes,  and  are  at  the  same  time  supported  upon 
shoner  stalks. 

In  many  forms,  both  the  axis  and  the  verticillate  processes  derived 
from  it  secrete  a  thick  calcareous  crust.  Where  the  lalcrul  whorled 
ofifdhoots  are  simple  {as  in  Dif4ppera\  the  calcareous  crust  has  the 
form  of  a  simple  thickened  cylinder,  traversed  by  tian^vct^  tv^'WA, 
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which  correspond  with  the  lateral  processes,  and  open  by  pores  upon 
the  surface.  On  the  other  hand,  where  there  are  two  cwders  of 
lateral  oRshoots  (as  in  CymopoUa),  a  double  calcareous  cylinder  is 
produced,  the  inner  one  corresponding  with  the  axis  and  the  primaij 
whorled  processes,  while  the  outer  one  is  formed  by  the  confluent 
clavate  ends  of  the  secondary  processes.  The  spherical  sporangia 
may  also  become  calcified,  and  may  present  themselves  as  rounded 


Fiy.  1360.— Omn/D/ifl  harbata  (=C.  raaritim),  from  the  Csnaiy  IiUndi  (Rcccnl).  *,1 
specimen  odhc  naiursl  size,  showine  the  divided  thalliu;  D,  Tranivene  leclion  througti  ai^- 
ment  of  the  siein,  sbavring  a  whorl  of  lateral  procesies,  of  which  tome  are  tierile  uid  nof 
fi-rtile  :  c,  Pan  of  the  lame  wboil  enlirsed  itill  Tunhet,  ihowing  tbc  pHmuylBlcnl  pnxeuatcli 
giving  off  sterile  oflshools  (j).  >nd  spherkat  ipcnuigk  (a).    (^LCi  Schimper  uid  Ziliel.) 

cavities  in  the  skeleton.  Finally,  the  cylindrical  skeleton  may  be 
composed  of  annular  segments  or  may  be  undivided,  according  as 
the  axial  cell  is,  or  is  not,  constricted  at  intervals.  In  the  former 
case,  the  segments  are  often  readily  capable  of  separation,  and  in 
fossil  examples  often  present  themselves  as  detached  calcareous 
rings. 

When  the  calcareous  skeleton  is  all  that  is  open  to  our  inspection, 
as  in  fossil  specimens,  the  transverse  canals  with  their  superficial 


pores,  correspondinfi;  with  the  lateral  whorled  processes,  may  very 
readily  he  misi:ik»?n  for  llic  tuh«  of  [jolypes  or  the  chambers  of 
poiylhalamous  Foraminifcra  ;  and  the  fo^sii  forms  of  the  fiimily  were 
until  recently  regarded  a<>  referable  to  the  animal  kingdom.  It  was 
first  shown  by  Munitr-Chalnwis  ("Comptcs  rendus,"  torn.  Ixxxv. 
pt  814,  1877)  that  the  supposed  Poraminifera  described  under  the 
names  of  Diidyiof^rti  and  OvuUles  were  really  referable  to  the  Aigir, 
and  that,  along  witli  many  other  t)'pe8,  they  belonged  to  the  group 
of  the  Sif'howit  v*rti(illalsr.  PalKcntoIogists,  in  fact,  arc  now 
acquaiotcd  with  an  extensive  series  of  fossil  forms  of  this  remark- 
able family  of  Alger,  which  not  uncommonly  give  rise  to  very  con- 

I       sidcrahic  rock-masses,  and  thus  become  of  geological  importance. 

\  The  oldest  type  of  the  Sifhunfa  vertidliata  is  apparently  the  Ca-io- 
triKkium  of  the  Middle  Devonian  of  the  Eifcl ;  though  ihc  nature 
of  this  fosiiil  is  not  a!»oluteIy  certain.  The  (larboniferoiis  Limestone 
of  England  also  sometimes  contiins  numbers  of  small  cak-areous 
cj'lindets,  with  a  porous  surface,  which  are  probably  referable  to  this 
family ;  but  further  investigation  is  needed  before  this  can  be  posi- 

I      lively  asserted,     tt  is,  also,  not  impossible  that  the  organism  dc- 

\  scribed  hy  Dc  Koninck  from  the  Carboniferous  Limestone  of  Bel- 
gium, under  tlic  name  of  MimliatHpora  inflata  —  which  likewise 
occurs  in  the  .same  formation  in  Britain,  and  sometimes  attains  a 
considerable  size — may  really  be  a  peculiar  type  of  the  Siphonta. 
Apart  from  the  above,  the  first  undoubted  appearance  of  forms  of 
this  family  is  in  the  Permian  rocks,  in  which  the  genus  Gyroporefla 

'  is  found.  It  is,  however,  in  the  Upper  Trias  that  the  maximum 
developmenl  of  the  SipkoHta  vtrfidUata  takes  place,  thcUnn'Mones 
of  this  period  being  often  essentially  made  up  of  the  cylinders  of 
GyrnporeUa  and  Diplvpfini,  as  occurs,  for  example,  in  the  Bavarian 
and  Tyrolesc  jVIps.  Various  forms  of  the  group  also  occur  in  the 
Jura»ic  and  Cretaceous  rocks,  while  there  are  numerous  Ttrtiary 
types  i  but  the  family  is  at  the  present  day  represented  by  but  a  few 
specicA.  and  the  range  of  these  is  very  limited. 

Among  ihc  more  important  types  of  the  Sipi/tonear  vertidliata 

I  which  occur  in  the  fossil  state  arc  species  belonging  to  the  gencm 
Cymop&lia,  l.an.'aria,  Daetylo/iora,  Gyroportlla  (with  Dipfopora), 
and  Ulen'a.     In  CymopoUa  (fig.  1360)  the  thallus  is  branched,  and 

I  is  covered  with  a  hollow  calcareous  crust,  the  surface  of  which  shows 
dose-set  pores.  The  lateral  processes,  sterile  and  fertile,  are  devel- 
oped in  whorls,  sep-iraied  by  varani  nodes.     A  living  vpecies  of  this 

I  genus  is  found  in  the  si.'as  of  the  Canary  Islands  and  West  Indies; 
while  the  calcareous  cylinders  of  fossil  forms  occur  not  uncommonly 

i     in  the  Eocene  Tertiary,  and  were  originally  described  under  the  name 

I     of  Dattylt^ra.     The  genus  Larvaria  is  nearly  allied  to  Cymt^iti, 

LHid  likewise  includes  forms — such  as  /.  rntca  (fig.  ij6a,  n"^  mv^ 
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t.  annutas  (fig.  1361,   B)^which  were  originally  ciescriljccl  wne 
the  name  of  Dtutyhpora.      Exititing  forms  of  Larvaria  arc  ktwn 
aiid  fossil  types  occur  commonly-  in  the  Eocene  Tertiary,  often 
the  fonn  of  se|xiratc  segments  of  the  calcareous  cylinder. 
pom,  as  now  restricted,  includes  Eoocnc  and  Miocene  types,  andj 
al$o  closely  allied  to  Cym^oiia.     Gyr&porelia  (including  Gip 
comprises  types  in  which  the  skeleton  has  the  form  of  a  shcnt 
reous  cylinder  {figs,  1361,  K-r.),  from  one  to  six  millimeiresj 
meter,  with  two  or  more  rows  of  pores  on  each  segment  of  1 
This  genus  begins  in  the  Pemiian  rocks,  and  is  so 


^)PS£) 
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k^m. 


III*  iHMc  &m:  a,  Lart^ria  \Jj»et!fitli»r»^  mim%lm,  rren  Ihr  E<k«im  TeriiHy.  mmilBtl) 
diaoKMrv  vibwmI  in  ivofilh  and  ifaowinji  tmt  fopannpcwMt  Hiw^:  c  TIm  Man  ■!(■«<  r 
■bov*  (nd  klrnilvlr  nuiinifiHl  •    a,  !■>»  of  tlie  cylinder  of  Dtci^e/irra  rttttttUlmftm 
fWw^fa  pToAI«.*nit  tifnOartyfrilaT^^d  ;  v,  Fr^fmrntorMuvcti^lVAlV,  wUh  lubca  of  i 
ffUa/nra.  nf  (hi  oaiurtl  iih  ;  r.  Timti-cTH  Hciion  at  a  luba  or  i1m  (jhbb.  «nUi 
nWMn;  <>,  VciucbI  teciion  u(  iIie ■■me, vuUrpil  it  iUjuB«l«n.     tFigi'  a-q  anBAvl 
fljb.  K-Oanlinci  (iQiuUI,) 


developed  in  the  Trias  of  Souihern  Germflny  and  Switzerland  as  \ 
give  rise  to  massive  and  widespread  beds  of  limestone  A 
of  this  genus  also  occurs  in  great  numbers  in  the  Cretaceous  : 
of  Uie  Southern  I<clianon  Mountains.  In  the  genus  OuuJites, . 
the  skeleton  usually  presents  itself  in  the  form  of  a  Gtnall,  ovoidi 
clavatc,  calcareous  body^  enclosing  a  single  chamber,  with 
disposed  superficial  pores,  and  often  perforated  at  both  poles,'^ 
a  body  is  really  a  single  joint  of  the  alem  of  llie  or4;inal  planL 
species  of  Oitt/ites  are  found  in  deposits  of  Eocene  and  3bli( 
age.    Lastly,  in  the  genus  Uleria,  the  skeleton  consists  of  branch 
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cylindrical  calcareous  stems,  which  readily  separate  into  their  compo- 
nent segments.  Each  segment  is  hollow,  with  smooth  or  radiaiely- 
striate  articulating  surfaces  at  its  ends;  the  inner  and  outer  walls 
'being  porous,  and  the  space  Ijelueen  these  being  vacant.  The 
detached  segments  of  C'Uria  occur  commonly  in  the  Eocene  deposits 
of  the  Paris  basin. 

Class  V.  FlokiuiuE. — This  class  includes  a  large  number  of 
marine  and  a  few  freshwater  Aiga,  which  arc  in  general  red  or 
violet  in  colour.  The  thallus  is  vcrj*  x-ariahle  in  form,  and  is  often 
much  branched.  Reproduction  may  be  sexual  or  non -sexual.  In 
the  former  case  feniii.>iation  is  effected  hy  means  of  non-motile 
.antlierozooids,  the  result  being  the  conrer^ion  of  the  female  organ 
into  a  receptacle,  or  "cystocarp,"  within  which  spores  are  formed. 
iNon-sexuo]  reproduction  is  effected  by  means  of  special  cells 
<*' letraspores ")  dewluped  in  parts  of  the  thallus. 

With  regard  to  their  distribution  in  time,  a  few  types  of  ihc  ordi- 
nary Red  SeanTcds  {Ddrsuria,  SpharocfHdtts,  &c)  haxe  been  re- 
cognised as  occurrinj;  in  the  older  Tertiary  deposits.  With  these 
limited  exceptions,  all  the  fossil  forms  of  this  class  belong  to  the 
Corallines  and  Nullipore»  (Vortit/inea),  in  which  llie  thallus  is  hard- 
ened by  the  deposition  of  c-trbonate  of  lime.  The  principal  genera 
of  the  family  of  the  Corallines  are  CoralUna,  Melobtiia,  and  Litho- 
thamnion. 

In  CoralHHn,  the  thallus  is  erect  and  branched,  and  is  composed 
I  of  rounded  or  wctlge-sha]jed  calcareous  segments,  which  readily 
separate  from  one  another.  The  fructification  consists  of  "cyslo- 
carps,"  which  are  immersed  and  have  an  aperture  ai  their  summit. 
Tlie  "Corallines"  are  exceedingly  abundant  in  existing  seas,  but 
little  is  certainly  known  of  ihcir  occurrence  in  the  fossil  condition. 
They  are,  however,  suted  to  occur  in  the  Eocene  beds  of  the  Paris 
basin. 

In  .Ife/ahsia  the  calcareous  ihallu-s  is  crost-like  and  foliaccous, 
and  is  attached  by  the  whole  of  its  lower  surface  to  foreign  bodies. 
The  superficial  layer  of  the  stony  crust  is  composed  of  minute 
cubical  cells,  but  the  deeper  cells  arc  elongated.  The  "cystocarp*" 
are  immersed  wuhin  the  tlmllus,  and  project  above  tlie  surface  as 
wart-like  tubercles.  Mdobetin  has  not  been  clearly  recognised  in 
the  fossil  state,  though  ii  is  not  improbable  that  ic  will  ultimately  be 
found  to  occur  cran  in  the  PalxoKoic  rocks. 


In  connection  wiih  Afrluitfia  a  few  words  may  be  said  about  the 
cunout  little  calcareous  bodies  known  as  "  coccolitfis,"  since  it  has  been 
suggested  by  Carter  that  thcac  are  connected  with  the  reproduction  of 
AlgEc  bcloin:irn;  10  tins  jjeniis.  Ceccolilhs  are  cxcesiivcly  minute  cal- 
careous ladies,  of  a  discoidal  form,  which  are  found  in  the  mud  of  the 
I  deep  sea  at  the  present  day,  often  in  great  numbers.  Stm\W  \K]d^« 
vol-  II.  2  Q 
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occur  abundantly  in  the  Wliitc  Chalk,  and  Gumbc)  hai  shown  that 
arc  present  in  man^  limv^ttoncs,  even  in  thmc  of  ihc  oMcr  Palx 
fomialions.    Two  distinct  fornix  of  coccoliihik  arc  known,  which 
Ijccn  (iFKCribeJ  by  Huxley  under  the  names  of "'  diacoUlhs  "  and  "  crall 
Utbi."    The  fonner  of  ihese  (fig,  136J,  a)  arc  minute  calcareous  dii 
averaging  ij^  to  «fcp  '"'^'1  '°  diameter,  provided  uith  a  raised  riia( 
one  side  (p  and  f),  and  having  a  central  corpuscle  or  nucleus.    "^ 


FIc.  ijta- — CoccdIIiSi  uid  coccoiphnv.     •,  A  "  dwcoliih  '  iivn  in  ^  ^^ 

twliim"  viewtd  Hlecmyt :  d.  "Cyi'hBliih"  «»n  in  (ram  "■•j  'Ijcwi;!.  '■'P 

amfi  tlav  inner  EiAAutur  jor'ti  and  the  ctnml  t^rpUKl*;  4,  '^Cjvibcplji^  ttcii  Mt  lir^CIv', 
"  CMcmphera. "  All  the  fJi^rcs  ore  enattr  in>SDiAe<l.  CAhrr  W.  IL  Oirt"»m  ■'■1  "'f 
ThonuaoO 

"cyatholithi"  i-ary  from  f^nj  tO'  nJbl  >i"^  ■'>  diameter,  and  when  vi' 
»idewa)-a  (fij;.  lida.  e)  are  seen  to  have  the  fbrra  of  a  shin-studt  aixi 
consist  of  two  concavo-convex  calcareous  discs,  of  which  one  ia 
than  the  olhcr  and  is  united  to  the  conca^Tiy  of  the  larger  by  a 
sialic.  When  viewed  m  front  ((0>  the  cyaihulitfi  prctcnta  itself  as  aa 
or  circular  body,  cotnposcd  of  two  concentric  zones  stirroundin 
ceninil  coipusclc.  the  intierof  the  two  mncs  beinj;  more  or  less  __ 
f^ranular,  while  the  outer  one  in  transparcnL  Cyatholiths  oc<iur  m 
numbers  in  the  mud  of  the  deep  sea  in  ihcir  detached  condition,  but  thfl 
arc  also  found  ajfgrcgaicd  into  spherical  masses,  which  may  reach ji 
inch  in  diameter,  and  arc  known  as  "  coccosphcrcs  "  (fig,  1362,/).  Tn 
precise  nniurc  of  ihe  cocruliihs  and  coccosphcrcs  is  at  present  uncertaid] 
l>ui  it  has  heen  suggested  by  Carter  that  the  "coccosphercs"  aiccnV 
nccLcd  will)  the  reproduction  of  species  of  MelohetiA. 

The  only  rem.iining  genus  of  the  Corailiiua  which  demands  cci 
sidcratioR    is  Lithotfuimnian,  under  which  are  included  the  wd 


V\i.\Y'y—t.ilh*thamni^T»m»tiaimnm,   a  "  NuUipoK."  froM  ifcc  "Lciibn-Kilt 'rf' 
Vienna  bsAJn.    ».  femon  of  ■  inua.  ol  ibe  naiiual  iiMi  btoA  t.  Tnoarcnr  tmA  iinlH 
lliinioriha  >«m«  taa.im%*A  ja»diuMI«n.    (Aflcr  Cfimbcl.) 

known  and  widely  distributed  calcareous  Al^ir  which  are  col 
6pukcii  of  as  "  N'ullijiores,"  and  which  arc  exclusively 
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r<f.  iv^.— .SAtlion  of  "  1-aithk-K>lll" 
(TirtLiuy)  (tom  Iha  ntightaiiili'jol  ol 
Vi»ii.n»,  »ho*inu  fnk(rm«ni<  of  Kullipoiw 

tOtiginal.) 


"he  thnlltis  of  the  Nullipore:;  is  highly  calcnreom  nnd  of 
dness,  and  it  may  be  cn- 

botryoidal,  stahctitiL-,  or 
form  {fig.  1363).  As  re- 
I  microscopic  structure  of 
ed  ihnllus  the  outer  layer 
t    of   hexagonal   or   qund- 

of  very  Htnall  stee,  uhile 
i(  lh«  interior  arc  oblong 
The  fructification  con- 
"  cj-Btocarps,"  sc^tttrred 
he  Ihallus,  and  either  im- 
r  projecting  as  tubercles. 
fards  the  distribution  of 
^  in  time,  the  remains  of 
\  Uthotkaamion  arc  found 
jmbcTS  in  various  Tertiary 
R,  of^en  giving  rise  to 
limestones,    ^tich    at  the 

Kalk "  of  AuMria  (fig. 
he  "  Nullipore-limestonc  " 
Q,  and  others.     Remains 

hamnioH  kk  also  found   in   the  Cretaceous  and  Jurassic 
d  they  have  been  said  to 

rock.1  as  old  a.s  the  Car- 
s  Limestone,  'the  fossil 
r  Ulfwifutamion  do  not 
ny  marked  structural  dif- 
as  compared  with  the  ex- 
>es  of  the  genus. 

VI.  Characimc.  —  This 
s  a  number  of  fresh- 
ish-waicr  Alga,  of  a 
remarkable  for 
'appendages  corres- 
*fith  Ica\'cs.  The  thallus 
of  a  central  stem  giving 
Is  of  leaves  at  intervals, 
I  turn  give  off  secondary 
The  male  reproductive 
IB  ihe  fori)  of  a  spherical 

1365,  a),  and  has  been 
ts  ^loken  of  s£  the  "  glo- 
The   female   reproductive 

"carpogonium" — sometimes  spoken  of  u  \he  "tWycuXe 


^'^ 


,  ,  — P«rt  ftf  tlM  ihalliH  «r  Ckarm 
/nv(/it  (  RmvuiL  itaaMins  t^  n|iroil«cli<-t 
or^uw,  •ntarecd.  >,  CoiinJ  panion  af  > 
Uiir  viih  an  am  Iwridiun  (a)  uid  a  cwpu- 
Konium  (/>:  c.  CmnTi  of  «I1*  at  th<  iipci 
*X  iHa  cBr^a|p:«aluni  ;  ^,  Sr«rtl<  Icalicri^L 
f.  Lai^  IbhmI  laallM  near  ihc  ftuii ; 
tr.  f,  IjtMttk  aiUKlMl  N  Ihc  buc  «r  lb* 
uingoniuok    (AAcr  Suba.) 
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— consists  of  a  large  central  celt  surrounded  by  a  sheath  of  spirally- 
twisted,  cells,  and  bearing  a  crown  of  small  teeth  at  its  summit 
(fig.  1365,  x). 

The  recent  genus  NiUlla  remains  permanently  soft,  and  is  un- 
known in  the  fossil  condition.  On  the  other  hand,  the  integu- 
ment of  Chara  itself  becomes  hardened  by  an  encrustation  of  car- 
bonate of  lime,  and  is  thus  capable  of  preservation  in  the  fossil 

state.  The  fossil  forms  of  the  genus 
Chara  occur  in  the  Triassic,  Juras- 
sic, and  Cretaceous  formations,  and 
are  abundant  in  parts  of  the  Ter- 
tiary series.  In  some  cases  (as  in  the 
chert  of  the  Purbeck  beds)  the  stems 
are  found ;  but  the  fruits  or  "  carpo- 
gonia  "  are  more  commonly  preserved. 
These  have  the  form  of  spirally  ridged 
or  grooved,  ovoid  or  globular  bodies 
(fig.  1366),  and  the  first  type  dis- 
covered was  described  by  Lamarck  under  the  name  of  "Gyro- 
gonites."  The  fossil  carpogonia  of  species  of  Chara  are  abund- 
antly found  in  certain  freshwater  deposits,  both  of  Secondary  and 
of  Tertiary  age. 

Fungi. 

The  series  of  the  Fungi,  in  which  the  Lichens  arc  now  included, 
comprises  Thallophytes  which  are  closely  allied  to  the  Alga,  but 
which  are  devoid  of  chlorophyll.     Owing  to  the  soft  nature  of  their 


Fig.  13M. — a,  Carpogoniumof  C*ar« 
Grmiiv,  Tertiary,  enlarged  :  i,  Cano- 
gonium  ofCiarv  Mtditnginmhi  (*'Gy- 
rogonites"),  from  the  Eocene  bedl  of 
thePariftbatin,  enUiged.  (AfterSchim- 
pel  uid  Zittel.) 


Fig.  136;.— A,  A  lenlicular  ipecimeti  of  Arthagiaiettt,  o{  the  natural  niie ;  e.  Slice  oF  the  :aiiii 
showing  the  tubes  and  vesicio,  enlarged-    Coal<tncuures.    (After  Haocook  and  Aither-) 


tissues,  the  Fungi  can  only  be  preserved  in  the  fossil  state  under 
specially  favourable  conditions.  The  plants  of  this  series  are,  there- 
fore, of  very  small  palxontological  importance,  and  may  be  *'er)* 
briefly  dismissed. 


Various  minute  forms  of  Fiingi  have  been  recognised  as  occurring 
on  ihc  leaves  of  fossil  plants,  the  oldest  of  these  being  found  on 
the  leaTes  of  Cycads  in  Trlassic  deposiu.  'I'he  fossil  leaves  of 
Tertiary  plants  are  very  commonly  attacked  by  these  parasitic  plants ; 
and  other  minute  forms  have  been  detected  in  amber.  In  other 
cases,  the  mycelial  lubes  of  a  Fungus  have  been  preserved  within 
the  woody  stem  of  a  plant  of  higher  grade,  or  the  entiri:  Fungus 
may  ha«  undergone  silicification.  Thus,  the  mycelial  tubes  of  a 
Fungus  {Perfftotporites)  have  beer  detected  in  the  tissues  of  the 
stents  of  Carboniferous  plant:;.  Messrs  Hancock  and  Atthtry  have 
also  described,  under  the  name  of  Ankagaruon,  certain  silictBcd 
fossils  from  the  Coal-measures  of  Northumlwrlantl,  which  they  re- 
gard as  referable  to  the  Fungi.  These  remarkable  fossils  (fig.  1367) 
present  themselves  as  oval,  rounded,  lenticular,  or  irregular  bodies, 
under  an  inch  in  length,  which  appear  on  microscopic  examination 
Co  be  composed  of  irregular,  ramifying,  tubular  filaments,  lernitnat 
ing  in  rounded  vesicles. 

Lichens  are  almost  unknown  as  fossils,  ro  example  of  these  plants 
having  been  detected  in  any  Palecozoic  or  Mcsocoic  deposit.  A 
few  forms  have,  however,  been  recognised  in  amber,  and  others 
have  l>eci)  detected  on  the  bark  of  fossil  trees  in  lignites  of  Tertiary 


age. 
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CHAPTER    LXVI. 

SUB-KINGDOM     CORMOPHYTA, 

Series  Bryophyta  and  Pteridophyta. 

Sub-Kingdom  B.  Cormophyta.  —  This  division,  which  includes 
all  other  plants,  can  only  be  distinguished  as  a  whole  from  the 
Thallophyta  by  the  general  presence  of  leaves,  stem,  and  root ;  or 
at  least  by  the  opposition  of  the  stem  and  root.  The  alternation 
of  generations  is  more  regular  than  in  the  Thallophytes ;  a  sexual 
production  of  sporophores,  and  an  asexual  production  of  obpbores, 
following  in  sequence. 

Series  I.  Bryophyta. — The  first  series  includes  the  Mosses 
and  Liverworts,  which  are  cellular  plants,  with  complete  alternation 
of  generations,  and  without  true  vascular  tissue.  The  spores,  either 
directly,  or  by  the  intervention  of  a  protomma,  give  rise  to  the 
sexual  generation,  or  oophore,  which  forms  the  main  plant,  in  the 
female  organ  {archegonium)  of  which  arises  the  sporogonium  {sfero- 
pkore)  from  which  the  spores  are  asexually  produced.  The  main 
plant  is  therefore  a  sexual  oophore. 

Class  i.  Musci. — In  the  Mosses  the  spore  produces  a  la^e 
conferva-like  protonema,  from  which  the  plant  (oophore)  arises  by 
lateral  branching,  and  is  differentiated  into  stems  and  leaves  upon 
which  the  sexual  organs  are  formed.  The  class  is  practically  of  no 
palfeontologica!  importance,  and  it  will  accordingly  be  unnecessary 
to  notice  its  divisions.  All  the  fossil  forms  at  present  known  are 
of  Tertiary  age ;  but  from  the  occurrence  of  a  Jurassic  Beetle  allied 
to  types  which  Hve  in  moss,  it  is  inferred  that  the  class  is  really 
much  older.  A  number  of  species  have  been  found  in  amber,  most 
of  which  appear  allied  to  existing  European  types  ;  and  some  also 
occur  in  the  Miocene  of  Bonn  and  the  Upper  Eocene  of  Provence, 
but  the  absence  of  fructification  renders  their  generic  position  un- 
certain. The  genus  Sphagnum,  or  Peat-moss,  has,  however,  been 
definitely  determined  from  the  Miocene  of  Westerwald. 
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Class  2.  Hkpatic*. — The  Ltvcrwons  differ  from  llic  Mosaes 
In  the  absence  of  true  leaves,  and  in  the  bilateral  condition  of  the 
lant,  which  has  the  side  exposed  to  the  light  dilTerenily  organised 
m  the  concealed  one;  the  oophore,  moreover,  generally  arises 
irectly  fiom  the  spore,  the  proior»ema,  when  present,  being  insig- 
ificant.     Hair-like  growths,  representing  aborted  lea%'es,  are  ocra- 
mally  present  on   the  under  side  of  the  plant ;  and  it  is  fairly 
in  that  Livem-orts  are  to  be  regarded  as  defraded  forms  which 
ve  lost  the  lcav(-s  and  branches  of  the  Musci.     The  widely  spread 
isting  genua  Mar,-haniia  is  represented  in  the  European  Eocene 
id  Miocene,  and  numerous  Jungermanniaua  have  liccn   found  in 
ber;  but  beyond  this  nothing  Is  known  of  the  pakcontological 
isloiy  of  the  class. 
S£Kt^  II.   Ptkridophvta. — The  Pleridophjtes  are  i-harafflerised 
the  great  vegeiaiivc  development  of  the  sporophore,  and  the 
ndency  to  the  suppression  of  that  of  the  oophore,  or  siexual 
leration.     Their  tissue  develops  libro-vascular  bundles,  nnd  there 
11  disiinct  epidermi^i.     I'here  i:.  aUo  a  complete  aliernaiiun  of 
lerations,  the  spore  dc\-claping  a  aexua!  frcthtUlium  iobphorc), 
the  arthegoniuni,  or  female  organ,  of  which  is  sexually  pro- 
duced the  main  plant  or  .<i|K>mphore,  whinh  in  its  lum  ascxuatly 
develops  spores  of  one  or  two  kinds  in  organs  termed  sporangia: 
tlie  latter  being  generally  borne  cither  on  ordinary  or  h.peciali.sed 
leaves,  but  in  some  cases  on  the  stem.     It  will  be  apparent  from 
this  Ihat  the  main  plant  is  an  asexual  spotophore  corresponding 
physiologically  with  the  »porogonium  of  the  Bryophjics,  while  ihe 
sexual  proth-iilium  represents  the  leaf-bearing  plant  of  the  latter. 

Tlie  Pteridophylcs— cqui\ilfnt  to  the  Aciogcns  of  cider  writers^ 
are  of  oxtretnc  importance  to  the  palxontologisi,  since  they  contain 
•event]  groups  of  entirely  extinct  types  ;  and  tn  the  earlier  epoch  of 
Ac  earth's  history,  when  Ihey  were  not  brought  into  extensive  com- 
petiiion  with  the  Phanerogam.*,  ihcy  attained  an  importance,  both 
in  the  number  of  tjiws  and  in  the  brge  siie  attained  by  many  of  iheir 
representatives,  which  entitle>  tliein  to  be  considered  the  dominant 
forms  of  the  Pala?o«iic  epoch. 

Class  I.  Filicach.e. — 'The  Ferns  and  their  allies  have  the  leaves 
highly  de\'eloped,  and  frequently  much  branched  in  n  pinn-tie  man- 
ner ;  the  sporangia  being  numerous,  and  borne  either  upon  the 
ordinary  or  specially  inudilied  Icuvob,  on  which  they  are  usually 
■nanged  in  groups  or  sari,  llic  clabs  may  be  divided  into  three 
orders. 


^^  oraei 
I       rwiKi 


The  leaves  of  Filicaceie  may  be  either  siiniile^  as  in  Cli^sppltns  (fig. 
174),  or  pinnate.    Amoii^'  plnnn.te  types  the  pinnniion  may  he  simple, 
r'ta  NturapUriifium  {Ak.  1373),  when  the  Icallcis  or  pinnules  arc  ar- 
ranged upon  a  single  shaft:  or  bipinnaic(.V(fifn>/K'mi,  ft^.  \'y]i>,'«\wtt 
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secondary  shafts  are  developed ;  tripinnate,  as  in  SphenopUris  (fig.  1369), 
when  tertiary  shafts  occur ;  or  multipinnate.  The  coverings  of  the  son 
are  tenned  indusia;  and  when  the  stem  is  creeping  it  is  known  as  ft 
rhisomt. 

Order  i.  Stipulat*. — This  order  now  contains  only  the  two 
Tamilies  Ophiogiossacea  and  Marattiaaa,  characterised  by  the  pres- 
ence of  stipules  at  the  base  of  the  petioles  of  the  leaves.  Of  the 
former  Ophioglossum  (Adder's-tongue),  in  which  the  sporangia  are 
embedded  in  the  tissue  of  the  partly  sterile  and  partly  fertile  leaves, 
occurs  in  the  Middle  Eocene  of  Monte  Bolca ;  while  it  is  probable 
that  Chiropteris,  of  the  Keuper  of  Wurtembcrg,  is  not  really  separ- 
able. In  the  second  family,  where  the  sporangia  are  external^  as 
in  the  Ferns,  the  existing  genus  Marattia  occurs  in  the  Rhaetic  and 
Lias  of  the  Continent  Danaites  and  Danaopsis,  on  the  other 
hand,  are  extinct  types,  the  former  occurring  in  the  Cretaceous  of 
Europe,  and  the  latter  in  the  Keuper,  and  probably  also  in  the 
Permian,  of  the  Tyrol,  as  well  as  in  the  Rajmahal  stage  of  the 
Indian  Gondwanas.  Finally,  the  living  genus  I>anaa  occurs  in  the 
Lias  of  Verona,  Several  of  the  fossil  forms  have  been  confused 
with  the  Ttsmep/en'dea,  while  Schimper  has  referred  to  this  family 
some  of  the  forms  noticed  under  the  Pecopteridea.  According  W 
Mr  Kidston,  the  Archaopteridea  should  probably  be  placed  in  this 
order. 

Order  2.  Filices. — In  existing  Ferns  stipules  are  wanting;  and 
there  is  only  one  kind  of  spores ;  so  that  the  sexual  stage  is  not 
reached  till  the  prothallium. 

Existing  forms  are  classified  by  the  nature  of  their  fructification ;  bui 
since  this  is  generally  unknown  in  the  earlier  fossil  types,  we  are  com- 
pelled to  classify  them  by  the  nature  of  the  pinnation  and  venation  of  tb< 
leaves,  and  as  these  are  subject  to  great  variation  among  allied  existing 
genera,  it  is  evident  that  this  classification  is  more  or  less  of  an  anilicial 
nature.  It  will  be  convenient  to  follow  Schimper's  plan  of  treating  firii 
of  those  existing  families  which  are  known  to  be  represented  in  a  fossil 
state,  and  then  to  notice  the  forms  of  which  the  position  is  more  or  less 
uncertain,  but  which  are  provisionally  arranged  in  families. 

Existing  Families. — In  the  existing  series  the  family  Osrnu*- 
dacea  has  the  paniculate  fructification  borne  on  specialised  leaves, 
which  may  or  may  not  be  like  the  sterile  ones.  The  type  genus 
Osmunda,  which  is  mainly  characteristic  of  wanner  regions,  al- 
though represented  in  England  by  the  Royal-Fern,  occurs  fossil  in 
the  Cretaceous  of  Westphalia  and  Greenland,  in  the  Laramie  beds 
of  North  America,  and  in  many  of  the  European  Tertiaries,  An 
allied  form,  from  the  freshwater  deposits  of  Chemnitr,  has  been 
named  Asferocltena.  In  the  Schiseaaa,  which  usually  have  the 
fructification  borne  in  spikes  or  panicles  on  the  ladnice  of  the 


leaves,  the  existing  tropica]  genus  I.ygadium  occurs  in  Europe  from 
the  Cretaceous  to  the  Miocene,  and  nlso  in  the  Laratiiic  beds  of  the 
United  States.  The  third  family — GleUheniaaa — hns  the  sessile 
sporangia  borne  in  naked  sori  upon  the  dorsal  surface  of  ordinary 
leaves,  each  spomngiutin  having  a  complete  transverse  ring,  and 
bursting  with  a  longitudinal  slit;  while  the  stem  forms  a  creeping 
rhiMme.  The  existing;  tropical  genus  Gteiihtma  is  represented  by 
closely  allied  forms  in  the  Cretaceous  of  Greenland,  the  Rajmahal 
group  of  the  Indian  (rondvranas,  and  in  the  Lias  of  Verona,  some 
of  which  have  been  separated  as  GUiekeniks.  Didymosffms,  from 
the  Cretaceous  of  Greenland  and  Saxony,  with  two  sori  on  each 
leaflet,  connects  the  preceding  with  Mtriemia.  The  latter,  which 
\\as,  two  rows  of  sori  on  each  leaflet,  and  Is  now  confined  lo  the 
southern  hemisphere,  occurs  in  the  Cretaceous  of  Greenland  and 
Hungary.  The  Ilyttunophyliaaa,  or  Film-ferns,  in  which  the  sessile 
sori  are  covered  by  an  indusium,  arc  represented  by  one  species  in 
the  Upper  Eocene  of  Provence  ;  while  Schimpcr  has  referred  to  the 
type  genus  Hymtnopfiylium  a  Carboniferous  fern.  It  is  prohabic 
chat  some  of  the  ^pbtnopUruieii  arc  more  or  less  closely  related  to 
this  family.  The  fifth  family — Cyathieaaa — which  include-i  the 
tropical  Tree-ferns,  Is  of  more  p.il£eontological  ini[K)rtaiicc ;  it  is 
characterised  by  the  stalked  sporangia,  situated  in  closely  packed 
sori,  which  nwy  be  naked  or  covertd.  Of  Tree-ferns,  in  which 
there  is  n  tall  stem,  often  covered  with  roots,  and  crowned  with  a 
rosette  of  Iciwes,  the  existing  Aisofhila  is  represented  in  the  Ijawei 
Eocene  of  Suzanne,  which  also  contains  other  allied  fonns.  The  Car- 
boniferous Choroniffpteris  should  perhaps  nnd  a  place  here.  Of  smaller 
forms,  the  genus  OvmUo  <in  which  Schimpcr  includes  Struthiopterii) 
is  rcprcscnlcd  in  the  l^ramic  Cretaceous  and  the  Miocene  of  ihc 
United  States,  as  well  as  in  the  Kocene  of  the  Ule  of  Mull,  by  the 
existing  O,  semibilii  of  North  America ;  thus  offering  a  remarkable 
instance  of  the  persistence  of  .t  specific  type.  The  Mull  form  was 
originally  described  as  FtUeites.  The  I.aramie  scries  also  yields  an 
extinct  species  of  this  genus.  These  ferns,  hke  the  following,  have 
the  sporangia  borne  on  specialised  leaves.  Dkki&nta,  which  is 
mainly  tropical  and  often  tree-like,  occurs  in  the  European  Kcupcr, 
and  more  abundantly  in  the  Jurassic,  and  is  also  found  in  the 
Indian  Rajmahal  beds.  Finally,  Tkrysopteris,  now  known  only 
by  a  single  species  from  Juan  J-emandez,  is  also  \-ery  common 
in  the  European  and  Siberian  Jurassic  (fig.  136S),  where  il  has 
been  descnbed  as  Coniopuris  and  Tyuipanfipkora.  In  addiuon 
to  the  special  fertile  leaves,  a  few  sori  are  borne  at  the  base  of 
the  ordinary  leaves,  as  shown  in  the  figure, 

Lastly,  we  come  to   the  extensive  family  PolypoJiatcfr,  which 
includes   the  greater  number  of  European  ferns,  and  w  dvvvAfc^ 
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into  several  subfnmiHeR.     The  sporangia  arc  very  numerous,  anil 
are  borne  on  the  underside  or  usually  unmodified   Ica^-cs;  and 
the)'    split     tmnsA-LTsely.       Of    the    subfamilies,    the    I^oiyfodita 
arc  pcrhaiw  represented  by  the  typical  Pefypodium   in  liie  Mio- 
cene   of    Switzerland ;     Cii- 
lanthcs  occurs   in   the   same 
deposits ;  while   the  widd^ 
spread    J'leris   (Bracken)  it 
found     abundantly     in     the 
Upper  Cretaceous  aj>d   the 
Middle  and  Upper  Tertiarics 
of  EuTopc  and  also  in  the 
Laramie    and    Tcrtiaric4   of 
America.     Adiaittum  is  also 
L-i|uall>-      well      represented 
throuf-hout     the     European 
Tertiarics,  and  if  wc  include 
in  it  the  so-called  AdianJitts, 
it   ranged  dovn    to   the  Ju- 
rassic.     In    the    AtfUniea, 
Bkihnum  ( Hard-fcm),  distin- 
guished by  having  both  fertile 
and   sterile   leaves,  of  nhicb 
the  latter  are  simply  piniutif. 
oocurs    in    the    Coatinc«ui 
Eocene  and  Miocene.    Cu- 
riously   enough,    the    South 
American    genus    Hewaria 
IS  found  in  the   Upper  E*- 
.     ,       ,  L      .      ,   ^    .  ,  cene  of  IJoiimmouth.    Woti- 

Y\^   ijM.— Uiltral   hmiulio  W   iha  T««v«   of  ,   , 

TArvi«(nrii  Mwrmfnmi:  ftwa  ihe  Infmw  Owiiic   7<'arata,  now  represented  0]f 

.ho-n  In  Lkt  Iowa  fijurr.  eight  s-pccics  ironi  the  *^^| 

re^ion:i  of  the  world,  OO^I 
in  the  Pliocene  and  Miocene  of  Europe,  the  5peci«  from  the  for- 
mer, luid  perhaps  also  that  from  the  tatter,  horizon  being  idcnucal 
with  an  existing  t>-pe ;  this  genus  also  occurs  in  the  Miocene  d 
the  United  States.  AspUnium,  which  at  the  present  day  numl^en 
some  300  species,  occurs  commonly  ihroughoul  ihc  European  Ter- 
tiarics, and  is  also  found  in  the  Oeisceous;  some  of  the  species 
being  allied  to  existing  European  forms,  while  others  are  more 
nearly  related  to  (hose  of  the  tropica.  It  appears,  tnoreover,  that 
Fcrnif  from  the  Jurassic  of  Siberia  and  the  Jurassic  and  Rhntic  of 
Europe,  described  under  the  name  of  Cladcphlthis  and  AUtA^z-ttrit^ 
are  referable  to  this  genus.  Ferns  of  this  frenus  also  occur  in  the 
£ngli:Kh  \^'ealden ;  in  both  the  Lower  (Uannuda)  and  Upper 
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m:ih.il)  Crondwanos  of  India;  and  in  era-tain  New  Zealand  be<ls, 
correlated  by  Barun  voii  Ettingshauscn  with  the  Trias,  la  lh«  last 
subfamily,  or  the  Aspidittr,  the  cosniDi>olitan  Atpidium  and  the 
allied  Lattraa  occur  commonly  from  the  Middle  Tertiarics  upwards. 
Fossil  Families. — An  enormous  number  of  Palasoxoic  and  Mwo- 
loic  Ferns  belong  to  this  seric*,  but  only  n  few  of  the  more  important 
types  can  be  even  mentioned.  The  Sphtnojittridat:  coinitrisc  a 
number  of  Ferns,  mostly  of  vcrj-  delicate  structure,  and  extremely 
difficuli  to  classify.  They  are  usually  niullipinnate,  with  the  pinoje 
in  some  cases  dtchotomous ; 
at  least  the  terminal  leallets 
nanrowed  at    the    base ; 


A  , 
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rir-  I  jep.  —  Van  of  \  Irsi  of  SfktmtHfil 
Iri/Mmlm .'  fnam  tbs  Euto|«ui  CatboaiHrMBi 
(Alter  Scblmpcr.) 


are 

while  all  are  often  lotjaic, 
and  with  the  veins  dividing 
in  a  pinnate  or  forked  man- 
ner from  the  base.  The  fruc- 
tification of  iconic  forms  has 
been  described  by  Mr  Kid- 
»ton,  and  ii  is  suggested  that 
one  or  more  of  the  genera 
may  be  allied  to  the  existing 
HytMnophyllaaa.  Many  of 
the  species  have  exceedingly 
delicate  fronds.  Among  the  Cirhonifeious  genera  may  be  men- 
tioned Sphenopttris  (fig.  1369},  Calymmatothtoi,  Zcilkria,  Uma- 
fopteris,  in  which  there  are  fertile  .ind  sterile  Ie.aves,  OH^t^carpia, 
JienaitUia,  Rha<he'pteris,  Sp/unopiindium,  and  ErcmopUhi  (fig. 
1370).  Of  these,  ihe  first  rnnges  from  the  Devonian  to  the  I^ower 
Jurassic  of  Europe,  and  is  also  found  throughout  a  loxge  part  of  the 
Indian  Gondu'anas,  in  the  African  Karoo  syi^tem,  in  the  Autitralian 
Hawlcesbury  bed*,  in  New  Zealand,  and  the  Palaeozoic  of  the  United 
States.'  Enmopteris  also  occurs  in  the  Indian  (Inndwanos,  and 
nmges  in  Europe  to  the  Permian  ;  and  a  Fern  from  the  Kimcridgian 
of  France  has  been  named  Stenopteris. 

The  family  Archteopteridea  {Fatiropuridtit)  wns  placed  by  Schim- 
per  in  the  present  scri.il  position  :  but  the  recent  observations  of 
Mr  Kidston  upon  the  type  genus  .appcvir  to  indicate  that  it  should 
be  transferred  to  ihc  Stipulato: — although,  until  the  necessity  for 
such  transference  he  absolutely  prm-cd,  it  appears  preferable  to 
leave  the  family  in  its  old  position.  The  leaves  arc  bipinnatc.  and 
both  these  and  the  leaflets  are  uhually  stalked  ;  the  leatlct^  being 
broad  and  often  lobatc.     The  type  genus  Arehaopteris,  which  has 


*  FenM  from  tlie  Ltnumie  bed*  and  Anieriau)  Teniarict  hart  b«co  r«rerrad  tft 
thiseemM. 
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also  been  generally  known  by  the  preoccupied  name  of  Paiacfiltrii, 
occuni  in  the  Devonian  and  Carlioniferous  of  both  Europe  and  ibe 
United  States.  According  to  Mr  Kidston,  it  has  $tipui<«  on  ibe 
leaves,  and  its  fruciification  appears  to  consist  of  •tporanijia  dc\oid 
of  annuli,  and  closely  resembling  those  of  the  Marattiaita.  The 
genus  Amiuuites,  from  the  iJcrvonian  of  Canada,  1ms  been  placed 
by  Sir  J,  VV.  Dawson  and  Mr  Kidston  in  the  same  family ;  which  u 


Ftf.  tjfo.— fnrJNit/bnV  .xrUmtt't^ftiiK  :  from  tlu  CitWWMfwoM 

abo  taken  to  include  Triphyllopferis,  from  the  European  Carbon- 
iferous.     The  latter  genus  has  holh  fertile  and  sterile  leflveti. 

H'iih  the  important  family  of  the  Neuivpteridete  we  rettun  to  the 
consideration  of  true  KJlices,  In  this  group  the  leaws  %-ary  fro&i& 
simple  to  a  tripinniUe  type  ;  the  leaileCs  being  either  long  or  ot'oid, 
and  often  nanowed  &\  the  hose,  with  the  midrib  disappearing  to- 
wards the  extremity,  and  the  veins  equal,  and  in  typical  forma  rising 
at  an  acute  angle.  The  genus  Neuropttris  (fig,  137 1)  is  a  bipinnaie 
type  very  common  in  the  Carboniferous,  but  also  extending  into  the 
Permian  uf  Europe.  I'he  allied  Cydoplerii  (which  is  not  admitted 
by  >[r  Kidslon  as  a  distinct  genus)  extends  in  Europe  fTom  tlM 
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Carboniferous  to  the  Khaetic,  and  is  also  found  in  the  upper  pan 
of  the  Lower  Gondwanos  of  India  (fig.  1373).     The  leaf  has  sub- 


TIieIim-ci  fifatt  thowia  tingle  Itaflci  ciiUrga]. 

omMnilar  iMllets  resemhling  those  of  the  existing  Maidenhair  fern, 

with  no  nudrib,  and  the  veins  iiunieroua  and  dlchutoinisinj^  a&  they 

radiate    to    the    mvgin. 

The    typical    Carbonifcr- 

oim    forms,   according   to 

Mr  Seward,  ha\^  pinnate 

leaves,  but  in  the  figured 

Rhsttic  form   referred  by 

Dr    Ftistmantcl    to    this 

geniu  thcj*  are  bipinnatc. 

Nturopttridium  (fig,  1 3  7  j) 

ts  a  simply  pinnate  form  occurring  in  the  Lower  Trias  of  Europe, 

and  in  the  base  of  the  Lower  Gondwanas.     Dictyopterii  w^^ixa. 


>^Nv 


India.    (Ann  Ftltimani*].) 
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Carboniferous  fcrii))  with  a  iKt-likc  venation  as  in  GiosseftcrU  (fig^ 
1376).  Finally,  Mr  Kidivton  includes  in  this  fnmil}'  the  simply  jhik 
natc  Cariiopterit,  of  the  Lower  Carbon 
iferout.,  in  which  tlie  somtwhat  btan- 
shaped  leaves  are  dc\-oid  of  a  nudrih. 
I  JiL-  OJi'iitiypftridea  form  a  well-defined 
r.iiviilj-  with  bi-  or  tripinnate  leavxs,  ill 
which  the  leaflets  an:  attached  b)-  the 
whole  width  of  their  base :  the  t^eif 
arc  non-lobaic,  with  their  veins  procett]* 
ing  wholly  from  the  base,  or  in  part  from 
an    indistina    midrib.      The  t>'pe  gemu 


frOBi  in«  KuioicAii  Ttub 

OA^ntofiffn's  (fig.  1374)  occurs  in  the  CarlMniferous  and  HeriniM, 
the  figured  ^cies  being  omimon  to  Europe  and  Xorth  Amencs. 


**•»■  i)7«-— ''■""f  l»»'ofi3-*w/A'>TV«ini«iM'<i/*»wA;  ftcm  ihe  Cittmniferoui  of  Kb 

The  bipinnate  Cknopteris  (fig.  1^75^  from  the  Rhastic  and  Lowef 
I-ias,  has   leaves  curiously  resembling  those  of  the  C>t:a(kcHHU 


PmetHia.  The  Akthcpteridea  arc  multi-pirnatc  ferns  with  a  strong 
general  rcscmhlain-c  to  the  cxislinji  Fierh,  and  at  Icxst  some  of 
which  have  a  similar  marginal  fructificaiion.  'On.'  leaflets  arg 
atuchcd  \vj  their  whole  base,  the  bases  of  adjacent  leaflets  iieing 
united  J  and  the  midrib  is  complete.  Alethopterii,  of  the  Carbon- 
iferous and  r«:tiiii.tii,  \i  common  to  Europe  and  the  United 
States ;  the  Mesoxoic  forms  described  under  this  name  havinfj 
been  noticed  under  ihc  head  of  Aipltmum.  IwHe/toptfris,  of  the 
Carbon irerouii,  is  distingui<ihed  by  its  net  venation  ;  while  we 
have  another  type  in  the  Pcmiinn  CalUfteris.  Another  multi- 
pinnate  type  is  constituted  by  the  Petofteridue,  which  agrei;  with 
the  last  family  in  the  attachment  of  the  leaflets,  with  [he  ex- 
ception that  [he  adjacent  bases  are  usually  distinct ;  the  midrib, 
although  slender,  continues  to  (he  extremity  i  and  the  vcin^  arise 
less  obliquely  than  in  the  Nturopttridea.     The  typical  Punflehs 


thawt  in  nbnaH  ptawb  or  boait. 


contains  a  very  large  number  of  species,  some  of  which  are  treelike, 
from  the  De\'onian  and  Carboniferous  of  both  Europe  and  Xorth 
America  ;  and  many  of  whicli  liavc  bten  referred  lo  the  Afanttftaeea 
under  the  names  of  Aittrolfuat,  Sfifhefitfris,  &c.,  but  which  Mr 
K-idston  considers  to  be  genfrically  inscparabk.  It  also  occurs  in 
the  Trias  of  Europe,  and  in  Lower  Mcsoioic  beds  in  New  Zealand. 
Other  C'arlionifcrous  genera  arc  Mariopteris,  Cailipteridium,  and 
etyloltucix.       In  the  Mcsozoic  we   have  also  a  lary^e  tvu.'c&V:M»  CiV 
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forms  which  may  be  provisionally  placed  here,  although  it  is  prob- 
able that  at  least  a  moiety  belong  to  existing  families.     One  series 
has  been  named  on  the  evidence  of  sterile,  and  the  other  on  that  of 
fertile  leaves,  and  there  is  accordingly  a  considerable  probability  that 
different  genera  have  been  named  from  a  single  species.     Of  the 
former  series  a  fern  from  the  Keuper  and  the  Panchet  series  of  the 
Indian  Gondwanas  has  been  described  as  Pecopteris  condnna ;  and 
we  also  have  Lepidopteris  from  the  Rhsetic,  Merianopteris  from  the 
Keuper  and  the  Damuda  series  of  the  Gondwanas,  Anomopteris  of 
the  Keuper,  and  CrematopterU  of  the  Bunter.    In  the  second  series, 
where  the  leaves  consists  of  palmate  branches  on  a  long  stalk,  we 
have    Laeopteris,    Matonidium,    Manaria^   Andriana,   &c.       The 
Paehypteridea  are  Mesozoic  ferns,  with  small  leaves,  and  include  the 
Liassic  Dichopteris,  and  the  Oolitic  Scleropteris  and  Stachypteris  ; 
Packypteris  itself  being  a  doubtful  form  probably  based  upon  re- 
mains of  two  of  the  preceding  genera.     The  fructification  of  some 
of  these  Ferns  resembles  that  of  the  existing  tropical  Polypodiaceous 
genus  Onyehium,  to  which  they  may  be  allied.      In  the  present 
family  Dr  Feistmantel  would  include  Tkinnfeldia,  a  peculiar  genus 
having  thick  leaves,  which  may  be  only  simply  pinnate,  with  lobate 
pinnae ;  and  occurring  typically  in  the  Rhsetic  and  Lower  Lias,  but 
also  found  in  the  Indian  Panchets,  in  the  reputed  Trias  of  New 
Zealand,  in  the  Hawkesbury  and  overlying  beds  of  Australia,  and 
also  in  Argentina.     The  Lomatopteridea   include  a  few  Mesozoic 
ferns  of  allied  types,  having  thick  ileshy  leaves,  which  are  usually 
simply  pinnate,  with  lobation  of  the  pinnae.     Exclusive  of  the  last- 
named  genus  this  family  contains  Lomatopteris,  extending  from  the 
Bath  Oolite  to  the  Kimeridgian  and  probably  the  Wealden ;  and 
Cycadapteris,  which  ranges  from  the  Lias  to  the  Upper  Jurassic 

With  the  Taniopteridea  we  come  to  a  family  easily  recognisable 
by  their  usually  simple  strap-like  leaves  (fig.  1376),  with  a  well- 
developed  midrib,  which  are  curiously  like  those  of  the  Plaintain 

{Musa).  It  may  be  di- 
vided into  two  subfami- 
lies, according  to  the 
venation.  In  the  first 
subfamily,  with  a  normal 
venation,    Taniopteris   is 

Fie.  Ii76.-Uiir of  GissietUrit  rtli/tm;  from  ihe  Lower      ^pl^SenteO       by      a       fcW 
Gondwaiuu  of  Indio.    Reduced.    (AAei  FeiiunuilBi.)        European       and       North 

American  Carboniferous 
species,  and  also  occurs  in  the  Trias  of  Europe  and  New  Zealand. 
The  allied  Macrotaniopteris  comprises  some  very  large  ferns,  tang- 
ing in  Europe  from  the  Keuper  to  the  Lower  Lias,  and  doubtfiilly 
to  the  Inferior  Oolite,  while  it  occurs  in  India  in  both  the  Upper 
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and  Lower  Gondwanas,  and  is  also  found  in  New  Zeal-ond  and 
Australia.  Palaovitiaria  seems  peculiar  to  the  Damuda  scries  of 
the  Lover  Gondwanas.  Oitandridium  has  stalked  leaves  differing 
soniewhnt  in  their  venation  from  the  preceding,  and  is  considered 
to  be  allied  to  the  exihting  OUandra  among  the  Aspidif^:  it  occurs 
in  ihc  European  Mesozoic  and  the  Panchcls.  Angiafitcndium  and 
Maraithpsis  arc  distinguished  by  a  simple  |)innation  of  the  leaves  ; 
the  fonncr  oarurrinij  in  the  [Janiuda  series  of  the  Uondwanas,  and  tlie 
Intier  in  the  European  Carboniferous.  The  genus  Glossepieris  {fig. 
1376)  is  the  only  rcpri-»entativc  of  the  second  subfamily,  and  is 
distinguished  by  its  net-like  venation,  relaininy,  however,  the  well- 
marked  midrib  charactcrisiic  of  the  family.  It  is  extremely  abun- 
dant in  the  Indian  Gondwaiias,  ranging  from  the  'i'alchir  to  the 
Upper  Jura^ic  Jabalpur  stage,  and  is  al&o  met  with  in  the  Hawkcs- 
bury  beds  of  .'Vu&tralia,  in  the  upper  port  of  the  African  KanDO 
system,  in  the  Cretaceous  of  Russia,  and  in  beds  of  unknown  age 
in  Italy.  Finally,  the  Cangamopuridta"^  include  Ferns  with  a  net 
venation,  in  which  the  leaves  are  subject  to  great  variation  in  shape, 
but  may  l)e  digitate  or  fan-ltkc,  and  dooid  of  midrib.  There  is 
one  division  with  simple,  and  another  with  compound  venation.  In 
the  former  we  liave  Gangamopferis,  ranging  throughout  llie  Lower 
Gondwanas  and  also  found  in  the  Bacchus- M.irsh  bed*  of  Victoria; 
and  BeUmfwpkrii  of  die  Damndas ;  both  being  probably  allied  to 
the  Poiypodiacta.  In  the  second  group  Camptoplfris  occurs  in  the 
Keupcr ;  Dictyopkyiium  ranges  from  the  Rhartic  of  (icrmany  to  the 
Cretaceous  of  Greenland;  while  Clalhropteris  is  confined  to  the 
Rhxiic,  and  Prvtorhipis  to  the  Lias. 

Ferk-strms. — Omitting  a  few  fossil  Kerns  of  uncertain  affinities, 
brief  reference  mu-st  be  made  to  a  few  types  of  large  sice  described 
upon  llie  e^'idence  of  portions  of  the  stem,  but  which  cannot  at 
present  be  definitely  cla»seil.  Of  these  Megapkylon,  from  the  Car- 
boniferous of  Europe  and  the  United  States,  is  founded  on  tninkii 
of  Trcc-fcms,  which  l»orc  their  large  leaves  in  a  row  on  cither  side 
of  the  stem,  and  which  Sir  J,  W.  Dawson  considers  very  unlike  any 
existing  type.  Psaronius — a  type  common  to  the  Old  and  Xcw 
Worlds,  and  mainly  of  Devonian  age — is  founded  on  trunks  of 
Tree-ferns  marked  by  alternate  leaf-scars,  which  arc  usually  sur- 
rounded by  aerial  roots  like  those  of  many  existing  form.s.  Caul^ 
opttrit,  w-hich  is  likewise  found  in  both  Europe  and  North  America, 
is  characterised  by  it^  vertically  elongated  leaf-scars.  It  ranges 
rrom  the  Carboniferous  to  the  Permian ;  but  at  least  some  of  the 
fiorms  described  under  the  name  <^  Ptfthopteris,  which  extends 
upwards  to  the  Trias,  are  not  generically  sep.vablc.  Protopttris^  of 
the  Cretaceous  of  Kuiope  and  Greenland,  is  another  lai^e  foito^ 

>  Utnally  ccnncit  Dulyf^icrida,  but  not  int;lui!liiiti  Ditty^tr'vi  *cv-  ^V^^- 
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characterised  by  the  bases  of  the  leaf-stalks  remaining  attached  to 
the  scars,  as  in  many  recent  Tree-fems.  Other  forms  are  Cyathto- 
pteris  of  the  Bunter,  and  T/utmnopleris  ranging  from  the  Permian 
to  the  Keuper ;  the  latter  having  persistent  leaf-stalks.  Finally, 
Rkizomopteris  of  the  Carboniferous,  and  Sphallopteris  of  the  Bimter, 
are  based  on  specimens  generally  regarded  as  rhizomes  of  lai^ 
creeping  ferns.  The  genus  Palaopteris,  from  the  Carboniferous, 
which  was  long  considered  to  be  a  fern,  is  named  hrom  a  specimen 
which  appears  to  be  the  stem  of  one  of  the  Cordaitea. 

Order  3.  Rhizocarpelc  —  The  Rhizocarps  are  distinguished 
from  the  Ferns  by  the  development  of  two  kinds  of  spores  termed 
macrospores  and  microspores.  Their  young  shoots  may  be  either 
straight,  or  circinate  as  in  Ferns  and  Psilophyton  (fig.  1378), 

Although  the  macrospores  and  microspores  are  true  spores,  as  de- 
veloping plants  without  fertilisation,  yet  they  may  be  regarded  as 
incipient  sexual  elements,  and  thus  throwing  back  the  sexual  differen- 
tiation to  an  early  stage.  Thus  the  microspores,  or  male  elements, 
develop  only  male  prothallia,  which  produce  antheridea ;  while  the 
macrospores,  or  female  elements,  develop  female  prothallia,  which  pro- 
duce only  archegonia. 

The  four  existing  genera  of  this  order  are  aquatic  plants,  which 
may  be  simply  floating,  or  may  have  a  creeping  rhizome.  Of  the 
Sahiniacea  the  rootless  genus  Salvinia  is  represented  in  the  Upper 
and  Lower  Miocene  of  the  Continent,  and  also  in  the  Laramie  and 
higher  beds  of  America.  Of  the  two  existing  genera  Pilularia  (Pill 
worts)  and  Marsilia,  constituting  the  family  Marsiliaua,  it  is  prob- 
able that  a  species  of  the  former  occurs  in  the  Upper  Miocene  of 
CEningen,  while  Marsilia  is  recorded  from  the  Miocene  of  Oregon 
in  the  United  States,  and  also  from  the  Lower  Miocene  of  Ronzon 
near  Puy-en-Velay.  It  has  been  suggested  that  Sagenopteris,  ranging 
in  Europe  from  the  Rhaetic  to  the  Ix)wer  Jurassic,  and  also  oc 
curring,  together  with  the  allied  Dactylopleris,  in  the  Damudas  of 
India,  may  be  more  or  less  closely  allied  to  the  Marsiliaaa.  They 
are  plants  of  considerable  size,  with  long-stalked  leaves  terminating 
in  a  palmate  expansion  of  four  or  more  members.  Marsilidium,  of 
the  Wealden,  has  also  been  referred  to  the  same  family. 

Sir  J.  W.  Dawson  considers  that  in  the  early  Palaeozoic  the  char- 
acters afterwards  separated  in  the  Club-mosses,  Horse-tails,  and 
Ferns  were  united  in  the  Rhizocarps,  and  it  will  accordingly  be 
convenient  in  this  place  to  notice  certain  Palaeozoic  plants  ap- 
parently more  or  less  closely  allied  to  the  Rhizocarps,  some  of 
which  should  probably  be  included  in  the  same  order,  while  others 
may  be  intermediate  types  connecting  that  order  with  the  Equi- 
setacese  and  Lycopodiacese,  In  the  first  place,  as  previously  noted 
(p.  1484),  ceruin  spherical  bodies  known  as  Sperangiies  occurring 
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ihe  DcTOnian  and  Carboniferous  of  North  America  and  Europe, 

'.  regnrded  by  Sir  J.  W.  Dawson  as  macrospores  or  sporoc^irps  of 

tizocarps.  under  the  name  of  ProtosaMnia.     Better  known  is  the 

nuB    Sphenopkyiium    (fig.    1377),    hkcwisc 

curring    on    both   sides  of   the    Atlantic, 

d  ranging  from  the  C>rdoviciari  to  the  Car- 

nifcTous,  which  many  authorities  now  agree 

provisionally  placing  in  this  order^  although 

>ets   would    refer    it   to   the   £quisetacc£. 

ley  were  small  plants  with  wedge-shapod 

.ves  arranged  in  regular  whorts,  after  the 

inner  of  the  existing   Atarsilia.     Another 

M  which  is  regarded  by  Dr  Fcistinanlcl  aa 

Bcly  allied  to  the   preceding  is   Triiygia, 

ovrn  by  a  single  species  from  the  Lower 

indwanas  of  India.     Thcic  plants  (if  com- 

!te)  are  comparatively  small,  with  n  slender 

m  bearing  incomplete  whorU  of  wedge- 

iped  ka^•es  ;  each  whorl  occupying  only  three  sides  of  the  stem, 

d  consisting  of  six  leaves  arranged  in  three  dissimilar  pairs.    They 

Fc  probably  aquatic 

Here  also,  according  to  Sir  J.  W.  Dawson,  should  be  placed  the 

lus  Ptiiofihyton  (fig.   1378),  which  appears  to  be  most  nearly 


'ffyoto 


iDt  IlcKDtiun  'of  CanaiU. 
£Rltri*(l  *nd  luiunl  tut. 
(Afwi  Dawwii  > 


Pig.  \fjl.—PiihfJiTeti  fJMiti»m!  Irnm  <h«  txwtf  Carbonil*reiitorit««5colu. 
Tbc  rillii-iunil  Afun  itiawi  •  ponian  DUKoilitit.    <Aftv  Dmwn.) 


icd  to  the  Rbitocarps.  The  genus  ranges  in  North  America  from 
!  Middle  Devonian  to  the  I^wer  Carboniferous,  and  is  also  found 

the  Old  Red  Sandstone  of  Scotland.  These  organism^  which 
ve  been  referred  to  the  .Mga:  and  Lycopodiaccx,  arc  composed 

featli«t-likc  leaves,  apparently  bearing  macrospores  on  part*  o( 
e  rtem  or  peliolei.     They  arc  considered  to  have  Vieen  ol  ai^»\\«. 
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.  _  ,.,  -A  leaf-vhorl 
of  PretannHlaria  Harhuiti ; 
from  ihe  OrdovicUn  of  thi 
Nonh  of  Engluiil. 


habits,  the  linear  pinnae  of  the  leaves  acting  as  floats.  Finally, 
there  remains  for  consideration  the  imperfectly-known  plants  from 
the  Ordovician  {Arenig  beds)  of  England  to  which  the  hybrid  name 
Protannularia  has  been  given  ;  and  which  were  originally  referred 
to  the  Thallophytous  genus  Buthotrephis. 
They  consist  of  slender  branching  stems 
bearing  at  intervals  whorls  of  linear  leaves 
(fig.  1379),  somewhat  resembling  those  of 
the  Equisetaceas,  to  which  class  they  may 
be  more  or  less  closely  allied. 

Class  II.  Equisetace*.  —  With  this 
group  we  come  to  a  small  class  now  repre- 
sented by  only  a  single  genus  with  species 
of  comparatively  smalt  size,  but  which  in 
the  Palseozoic  contained  numerous  forms  of 
large  dimensions,  and  occupying  an  import- 
ant position  in  the  contemporary  vegetation. 
The  class  may  be  briefly  characterised  by 
the  rudimentary  condition  of  the  leaves, 
which  are  reduced  to  small  sheathing  whorls,  bome  either  on  the 
stem  or  on  branchlets  also  arising  in  whorls  from  the  joints  of 
the  barren  stem.  The  sporangia,  which  produce  only  one  kind  of 
spores,  are  borne  upon  specially  modified  leaves  forming  a  terminal 
spike  to  the  main  stem  (fig.  1381,  a),  there 
being  distinct  fertile  and  barren  stems. 

The  existing  family  Mquisetea  comprises 
small  forms,  characterised  by  their  perennial 
rhizome,  from  which  the  annual  stems  arise. 
The  single  existing  genus  Equisehtm  (Horse- 
tails) occurs  in  most  parts  of  the  world,  with 
the  exception  of  Australasia ;  and  seems  to 
have  commenced  in  the  Lower  Keuper,  where 
species  of  much  larger  size  than  their  existing 
analogues  are  met  with  ;  and  from  this  period 
representatives  occur  throughout  most  of  the 
European  Mesozoic  and  Tertiary  strata  and 
also  in  some  of  those  of  North  America,  and 
in  the  Lower  Mesozoic  of  New  Zealand.  The 
13B0  —  i'-:*/*™/!.™  Carboniferous  Equisetites  seems  to  have  been 
an  allied  genus. 

The  extinct  family  Schi%otuurea  is  typically 
represented  by  the  genus  Schiaonaira  (hg- 
1380),  which  occurs  throughout  the  European  Trias,  and  perhaps 
also  in  the  Jurassic,  and  in  the  Lower  Gondwanas  of  India,  Ac- 
cording to  Dr  Feistmantel,  these  plants  are  characterised  by  the 


tamuda  kHci  of  IndLa- 
Mucb  reduced.  (AfiM  Feisi' 
mantel.) 


shetkths  found  at  the  joints  of  the  stalks,  which  in  an  eaily  stage  of 
development  consist  of  a  number  of  knllets,  wiih  median  veins,  and 
attached  by  their  margins.  In  the  course  of  development  these 
!>hcaih«  split  either  into  thin  cumponent  leaflets,  or  more  frequently 
into  two  equal  and  opposite  portions  (as  in  the  figvie),  whtdt  thus 
sicnuhtc  paired  leaves.  The  stems  and  stalks  arc  longitudinally 
ribl>cd.  Phyliotkeia,  which  occurs  in  Europe  from  the  Lias  to 
the  l^wcr  Jurassir,  in  ihe  Lower  Gondwanas  of  India,  and  ihe 
Newcastle  beds  of  Australia,  seems  to  be  more  nearly  allied  to 
EqtdxtHm^  but  is  placed  by  Schimpcr  in  this  family.  TIk'  joints 
of  ihe  stem  are  of  moderate  length,  and  the  outer  surface  is  fluted; 
while  the  leaves  arc  linear,  and  free  at  their  extremities,  but  at 
the  base  are  united  in  a  sheathing  whurt,  which  may  Ik-  longer 
than  the  joints  of  the  stem.     Each  leaf  has  a  midrib. 

Wiih  the  Calamitea  we  come  to  another  extinct  family,  which  is 
confined  to  the  Palxozoic,  and  contains  the  largest  representatives 
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(AtlmjAyllitii/iiluia't:  tmm  ihn  ratlwiiifanjut  at  Kii|Und. 
Rtducvd.    (After  Uodl^*  And  Huilsn.) 


of  the  class,  some  of  the  species  probably  attaining  a  height  of 
alwul  30  feci.  Their  stems  arc  tall  and  cylindrical,  with  a  hollow 
pitl^-eavily  divided  into  sections  b)'  diaphragms,  and  bearing  at 
the  joints  either  whorls  of  ncedle-likc  leaves  (fig.  13S1,  h),  or 
brarw-'hleis  carrying  secondary' whorls  of  leaves  (fig.  1381,  a).  In 
transverse   section   these   sterna   show  radiating  bundles  o^   t\ii%. 
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resembling  those  of  Conifers,  and  shovring  great  variation  of  smio 
tuie  in  the  diflerent  forms.  The  base  of  the  stem  generally  icrmi^ 
nate«  in  a  blunt  point  (ftg.  13S4),  and  it  tnaf  be  atuched  10  tia 

rhizome,  or  sevcrat  stems  may  «prii)| 
from  a  common  stock,  as  in  the 
restoration  fig:urcd.  The  roots  an 
cylindrical,  and  may  be  branching, 
Tliere  ba&  been  great  confusion  in 
regard  to  the  deteiminalJon  of  Cat- 
amites uvfing  to  the  difficulty  of  m 
femng  fruits,  leaves,  and  roots 
thcii  respective  stems ;  and  also 
owing  tu  the  fact  that  while  in  some 
cases  the  entire  stem  is  preM:n'c4i 
in  others  only  a  cast  of  the  |Htti<- 
cavity  rcmiuns.  According  to  itt 
Kid«on  the  well  -  defined  genem 
based  on  sicms  arc  Caljmitrs,  rang- 
ing from  the  Carbortircrous  to  the 
Permian ;  Calamoihdut  and  After*- 
(alamiUs,  of  the  Devonian  and  OU' 
bonifcrous ;  and  Arthr^pitys,  of  ibe 
fcrniLin.  At  least  some  of  the 
specimens  to  which  the  names  A»r 
nuiaria  and  Astcropkyllitti  (fig.  1  jSj) 
h.ive  been  applied  are  hranchleis  y 
Calamites.  Fnitis  of  Asttrocalamilti 
have  been  described  as  J^&thttiits ; 
while  others  known  as  SiachaMnulah& 
have  been  found  attached  to  the 
branchlcts  of  Annalaria.  Other 
fruits  described  as  yoikmannia,  Cal- 
amosiuchys,  and  Meuroitaekya  are 
probably  likewi&c  referable  in  muy 
instances  to  CaiamUae,  al 
has  been  suggested  that  so 
belong  to  SfMenifphy/itim. 
known  as  ^nHulanu  hai-e  been 
found  attached  to  CaJnmiUi,  btll 
some  of  tlie  »pvcimena  to  whkb  thil 
name  has  been  applied  may  belof^ 
to  other  plants.  There  has  been  considerable  discussion  as  to  the 
nature  of  the  outer  surface  of  the  bark  of  Caiamites,  but  il  appcart 
from  the  most  recent  olMt-rvations  thai  in  species  with  thin  baifc 
this  surface  was  fluted,  while  in  those  with  thick  bark  it  was  sm 
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A  large  number  of  synonyms  iii  addition  [o  those  already  men- 
tioned have  beer  made;  among  whicli  it  imy  be  obsened  ihai 
Mr  Kidaton  inclucJca  Aslerophylliim,  or  Aitiropkyliiks,  and  Arthao- 
catamitts  in  Aittrotaiamitei ;  while  Ctilamodtn- 
dron  is  regarded  as  inseparable  from  the  t>-pc 
genus.  Calamitea  occur  both  in  Kurupe  and 
North  Amaica,  but  arc  unknon-n  in  India  and 
AuMralia. 

According  to  Sir  J.  W.  Dawson,  "il  would  seem, 
from  the  manner  in  which  dense  brakes  of  these 
Ciiliimites  h*vc  been  preserved  in  the  toiil-forma- 
tion  uf  Nova  Sculia,  that  they  spread  uver  low 
swampy  flats,  and  formed  fcinh'cs  on  the  seaward 
&id«  of  the  great  SigilUria  fnrctt  In  this  way  ihcy 
no  doubt  contributed  to  prevent  the  invasion  of  the 
arca»  of  coiil  .tc  cumulation  by  the  muddy  wntcrv  of 
inundation*,  iind  thus,  though  (hey  may  not  have 
furnished  much  of  the  material  of  cuoJt  they  no 
doubt  contributed  to  its  purity." 

Heie  may  be  notiffd  the  remarkable  jointed 
stem-like  bodies  known  as    Verkbraria,  which 
arc  generally   regarded    as    Kquisetaceous,  and 
occur    throughout    the    Lower    Gondwanas    of 
India,  and  are  also  found  in  the  Newcastle  beds 
of  .\iutralia     These  peculiar  bcxlics,  which  are 
Oifien  br:incbed.  and  may  be  of  considerable  tiize,  arc  regarded  as 
the  rhizomes  of  an   Equisetaccous   plant  of  which   the   foliage  is 
unknown.     Their  association  in  India  wiili   Schiioneura  is  note- 
worthy. 

Clam  hi.  Lycopodiacea. — ^The  third  and  last  class  of  the 
Pteridophyles,  known  as  Lycopodiacea  or  Dichotonicse,  is  now 
reprcscnled  hy  the  Clu)i<mos!ics  and  Sclagineltas,  and  also  includes 
a  number  of  allied  extinct  types  of  much  larger  dimension*.  These 
pbint&  are  chatacterised  by  a  :iinip!e  or  branched  stem,  without  joints, 
usually  having  roots,  and  bearing  numerous  Miiall  and  simple  leaves  ; 
while  the  branches  of  the  stem  and  fietiuenlly  of  the  routs  divide 
dichotomously  {fig.  1387).  The  sporangia  arc  solitary,  and  borne 
cither  upon  the  upper  surJatc  of  the  base  of  the  leaves,  or  in  the 
axils  of  the  latter,  or  simply  upon  the  stem.  The  class  may  be 
divided  into  two  orders. 

Ordek  1.  IsosTORK*. — The  Club-mosses,  which  are  the  existing 
representatives  of  this  order,  arc  characterised  by  producing  only 
one  kind  of  spore.s,  and  by  the  absence  of  UgHla,  or  membranes  at 
the  base  of  the  leaves,  as  well  as  by  ccitala  other  points  which 
need  no  mention  here. 

The  earliest  plant  referred  to  this  order  is  /'^cVo^Aytim, '«V\^  v& 
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Fig,  1385.— Citciraiie  tcnninationi  of 
younf  bmnchu  of  Fiil^kylim  frm- 
ce/t.    (After  Dawujn.J 
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regarded  by  Sir  J,  W.  Dawson  as  forming  a  connecting  link  between 
the  Rhizocarps  and  the  Lycopods,  and  probably  forms  the  type  of 

a    distinct    family,    the   Psilophytat. 
This  genus,  with  which  Haliseritts  is 
identical,  occurs  in  the  Lower  De- 
vonian   of    both    Europe    and    the 
United   States,   and   is  a    plant    of 
more   than   average  interest.      It  at- 
tains considerable    dimensions,   and 
has    minute    or    mdimental    leaves, 
which    are    numerous    and    spirally 
arranged   on  the  barren  stems,  but 
are  sparse  or   absent   on  the   fertile 
ones.     On  decorticated  stems  their 
point  of  attachment  is  represented  by  minute  scars.     The  young 
branches  have  circinate  terminations  (fig,  1385),  like  the  "crosiers" 
of  Ferns  J  while  the  rhizomes  are  circular,  and  show  irregularly  placed 
areolae,  to  which  the  roots  were  attached. 
The  inner  structure  of  the  stem  consists  of 
an  axis  of  scalariform  tissue,  surrounded  by 
cells.     Finally,  the  fructification  (fig.  1386) 
consists  of  naked  oval  sporangia,  generally 
borne  in  pairs  on  lateral  or  terminal  pedi- 
cels,   which   are    regarded    by    Sir  J.   W. 
Dawson  as  making  the  nearest  approach  to 
the  sporocarps  of  the  Rhizocarps.    Artkro- 
stigma,  from  the  Devonian  of  Canada,  is 
placed  by  the  same  authority  in  this  family. 
The  three  existing  families  of  the  order — 
viz.,  Lycopediea,  Psilotea^  and  Pkylloglossed 
/T^     \/  — ^re  of  but  little  palasontological  import- 

Jl  |\     Y  \  ^"'-^ '   ^^  '^^   ^^^   being  unknown   in  a 

MJv\     I  fossil  condition.     Lycopodium  occurs  in  the 

*^  ■  Jurassic;  while  in  the  Permian,  Carbon- 

iferous, and  Upper  Devonian  there  occur 
allied  forms  for  which  the  name  Lyeopo- 
difes  has  been  proposed.  The  Devonian 
X.  MilUri  is,  however,  a  PHl^hyion. 
LycopodiUs  also  occurs  in  Lower  Mesozoic 
beds  in  New  Zealand. 

Order  2.  Heterospore*;  (LiGutAX-t). 
— This  order,  now  represented  by  Stla^- 
nella  and  Isoetes,  is  distinguished  by  developing  two  kinds  of  spores 
— viz.,  macrospores  and  microspores — and  by  the  presence  of  ligulae 
to  the  leaves.     In  both  the  prothallium  is  developed  within  the 


Fig.  i^Sti.— Reduced  rcston- 
lion  of  Ftilafiylfn  priiwips ; 
from  1I1V  Lower  Devonian  of 
Canada,     (AlScr  Dawson.) 


opposite  ro*-s  of  leaves,  which  are  often  of  a  glaucous  line,  and 
the  fruit  is  in  the  form  of  long  !>pikc»,  arising  from  tlie  axils  of 
the  leaves.  It  is  considered  probable  that  this  genus  is  represented 
in  the  Coal-measures  of  the  Continent  by  species  which  bavt  Viwsn. 
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referred  to  ZycopodiUs,  and  it  undoubtedly  occurs  in  the  Laiamie 
series  of  North  America. 

With  the  Lepidodendrea  we  come  to  the  first  of  the  two  ettinct 
families  of  the  order,  which  contains  gigantic  forms  characteristic  of 
the  Upper  Devonian  and  Carboniferous.  These  were  tree-like  Lyco- 
pods  with  linear  single-veined  leaves,  which  leave  rhomboidal  scars, 
often  very  prominent,  at  their  point  of  attachment  to  the  dichoto- 
mously-branching  stems.  The  fruit  is  in  the  form  of  scaly  cones, 
bearing  macrospores  and  microspores,  which  may  be  either  terminal 
or  lateral ;  and  the  young  branches  have  a  pith-cavity,  surrounded 
by  a  layer  of  scalariform  tissue,  which  sends  out  processes  throu^ 
the  thick  bark  to  the  leaves.  As  is  the  case  with  so  many  PaUeotoic 
types,  the  different  portions  of  these  trees  have  received  distinct 
generic  names.  Thus  the  decorticated  stems  have  been  named 
Knorria,  fruiting  branches,  HahtUa,  and  cones  (fig.  1388)  Lepi- 
dostrobus,  while  at  least  some  of  the  roots  known  as  Stigmaria  (fig. 
1392)  are  referable  to  the  present  family.  According  to  Sir  J.  W. 
Dawson,  there  is  considerable  difference  in  the  mode  of  growth  of 
the  outer  surface  in  different  members  of  the  family. 

"  Thus  in  some  species  the  areoles,  at  first  close  together,  become,  in 
the  process  of  the  expansion  of  the  stem,  separated  by  intervening  s{iaces 
of  bark  in  3  p)erfectly  re^lar  manner ;  so  that  in  old  stems,  while  widely 
separated,  they  still  retain  their  arran^ment,  while  in  young  stems  they 

are  quite  close  to  one  another.  This  is 
the  case  in  Lefridodendron  corrugaimn. 
In  other  species  the  leaf-scars  or  bases 
increase  in  size  in  the  old  stems,  still  re- 
taining their  fonn  and  their  continuit>'  to 
one  another,  as  in  L.  undulalum,  and 
..  those  forms  which  have  laree  leaf-bases. 
T?:.'iDlh7^Z:fB':^^:^l)f^t  '"these  spedes  the  continued  viulity of 
tbe  Carbon  I  feroiu.  One-iblrd  t«tuiai  the  bark  IS  shown  by  the  occasional  pro- 
file.   (After  Sehimpet.)  ductioH  of  lateral  Strobiles  [cones]  on  large 

branches,  in  the  manner  of  the  modern 
Red-pine  of  America.  In  other  species  the  areoles  neither  increase  in 
size  nor  become  regularly  separated  by  growth  of  the  intervening  bark ; 
but  in  old  stems  the  bark  splits  into  deep  furrows,  between  which  may 
be  seen  portions  stiU  retaining  the  areoles  in  their  original  dimensions 
and  arrangement," 

The  majority  of  the  genera  are  common  to  Europe  and  the 
United  States,  and  some  of  them  occur  in  other  parts  of  the  world, 
as  in  the  Palaeozoic  of  Australia,  and  the  in/ra-lfiaioo  series  of  South 
Africa.  The  type  genus  Ltpidodendron  contains  a  number  of  speaes 
with  a  most  complex  synonomy,  and  is  characterised  by  its  vertically 
elongated  leaf-scars  and  slender  branches.  According  to  the  views 
of  Mr  Kidston,  the  stems  to  which  the  name  Uhdendron  has  been 
applied  are  mainly  referable  to  Lepidodtniron,  although  others  may 
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be  SigillArun ;  Sir  W.  Dawson  has,  however,  identified  Uhdsndrvn 
wilh  the  next  geaus.  Lepidophltrus  {J^malopASaus),  which  appears 
to  be  exclusively  Caiboniferuus,  has  the  leaf-scats  trani^vcrH'ly  elon- 
gntedf  with  three  vascular  [loiiiis,  and  placed  on  di!>linct  promi- 
DCnces ;  while  the  branches  aie  thick,  the  leaves  very  long,  and  the 
COM-s  always  lateral.  Hallonia  '\&  founded  on  fruiting  bratichcs  of 
this  genus;  while  fruits  of  one  type  of  the  so-called  i^pidoslrobus 
(fig.  138S)  have  been  found  atuched  to  stems  wilh  the  scats  of 
LtftdvfkliTui.  Cydoitigma  and  Ltpto- 
pMaum  are  exclusively  Devonian  ;  the 
rormer  being  characterised  by  the  circu- 
lar or  horse-shoe-like  leaf-scars,  and  the 
latter  by  the  flat  and  rhombic  leaf-base» 
and  obsolete  scars,  l^/ifophlieum  occurs 
in  the  United  States  and  Australia, 

The  existing  genus  Isogtes,  the  sole  re- 
presentative of  the  Jtoiie/g,  is  known  in 
a  fassil  condition  by  two  species  from 
the  Miocene  of  the  Continem,  and  by  a 
third  from  the  Eocene  of  Colorado. 

With  regard  to  the  serial  position  of 
the  second  great  Pnljcoxoic  family  of  the 
SigHiarea^  there  has  Iwctv  much  discus- 
sion, but  the  general  con^en&iis  of  opinion 
scctns  now  to  be  in  fa%-our  of  placing 
them  in  the  pieseni  order,  although  it 
is  quite  probable  that,  as  Sir  J.  W.  Daw- 
son  suggest:^,  at  least  some  of  them  may 
be  more  or  less  closely  allied  to  the 
primitive  Gymnospcmis.  Their  resem- 
blance to  tile  Lefiidodendrea  is  indicated 
by  their  strongly-marked  external  simi- 
larity;  which  is  especi.7!ly  shown  in  the 
tall,  blender,  and  dichototnously- brandl- 
ing stem  (fig.  1389),  the  slender  grass- 
like  leaves,  ibe  leaf-scars  arranged  in  _  _  n-^  ^ 
whorls,  and  the  Stigmarian  roots.  These  iioi.5iiv?««*'-*'««^;!?^ 
trees,  constituting  the  genus  SigtlJaria, 
are  mainly  of  Carboniferous  age,  and  are 
common  to  the  Old  and  New  V\'orlds ;  ihey  attained  ver>-  large  dinacn- 
sions,  their  stems  being  sometimes  a.s  much  as  five  feet  in  diameter. 
Not  tmfrequcntly  these  stems  are  found  in  an  erect  position  (fig. 
1390),  passing  through  several  layers  of  rock  ;  while  in  other  cases 
thej?  ha*-e  been  found  attached  to  the  Stigmannn  roots  which  pene- 
trate the  clays  underlying  the  scams  of  workable  coal.   TVvc  oaVurnvtn^ 
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swms  oFthe  Sigillvuins  are  marked  by  continuous  longitudinal] 

between  vhich  arc  the  leaf4 
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Fig.  I  no.  — Stem  ^a  >emi-<rccl  kffftfV^fT'i 
in  3  ciiU-Matn;  Troni  Non  S«utUL    (Afltr 


(lig.  1391),  farmir^  whoris  round 
the  stems.  It  will  be  seen  from 
lh«  figure  ihai  the  amngemenl 
of  llicse  scars  is  such  that  each 
une  is  placed  in  the  inicr\-3l  be- 
nrceti  two  scars  of  the  horizonial 
rows  immediately  above  and  be- 
low 1  this  arranfcemcnt,  or  pkylk- 
taxis,  obtaining  in  all  plants  with 
[eaves  forming  wboits.  The  ex- 
terna! coat  of  the  stem  is  very 
hard,  beneath  which  is  an  inoer 
bark  composed  of  cellular  tissue 
traversed  by  ropc-lik<  fibres,  while 
the  woody  central  axis  is  soulL 
and  somewhat  intermediate  in 
structure  between  thai  of  the  Lc- 
pidodcndroids  and  Oymnospenw. 
i'hc  roou  {S/ixmaria)  usually 
start  from  the  stem  in  four  main 
branches,  which  dinde  dichotont- 
ously  te%'eral  times,  and  then  cob 


tinue  in  long  extensions,  which  Sir  J.  W.  Dawaon  considoi  ire 


rif.  i»i 


inter»ded  to  aflbril  a  firm  Nupjxjn:  in  a  soft  marshy  soil.     The  root- 
lets [fig.  1393)  were  airatigcd  ou  the  roou  in  whorU;  and  when 
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thejr  decayed  the})  left  scars  on  the  bark  (figs.  1391  and  139^) 
corresponding  lo  ihc  leaf-scirs  on  the  stems.  The  nature  of  the 
fruit  is  still  unknown,  but  it  is  probable  that  it  more  or  less  do»ely 
resembled  that  of  the  Lepidodendroids.  Sir  J.  W.  Dawson  has, 
however,  suggested  thai  some  of  the  SigilUriana  ma.y  have  had 


-^ 


fit.  tj9». — Put  of  nnt  rfm  fiigJIUrUn  or  Ltpidadin' 
Ofia-qituicT  natunl  ibc. 


or  I,- , 

Cair[kv4]kJciLiui. 


,  '  TKH  ;  (fam  111* 
(\ftei  Darwin.) 


fruit  of  the  type  of  Trigntuicarfus  (fig.  1400),  and  that  such  forms 
consequently  exhibit  ft  connecting  link  between  the  ?tendophytes 
and  the  Gymnospcrraous  Phanerogams. 

The  Kcnu&  may  be  divided  inio  several  groups,  which  may  eventnaliy 
h;ive  to  be  raised  to  generic  rank.  The  Claihrari^n  ^roup  (in  which  Mr 
Kid&ton  includes  some  species  of  VIoiitHdron)  has  a  chin  bark,  with  tJjc 
leaf-scars  not  in  distinct  rows,  bui  having  a  spiral  appearance  :  t>-pe.  S. 
diucph»ra^  of  Europe  aiid  [he  United  States.  In  the  Liodcrmarian 
group  the  ribs  on  the  bark  are  otwolclc,  and  the  leaf-scars  in  distinct 
rom  ;  type,  S.  tyJneHsit,  of  AustraliiL  In  the  ihird,  ur  Khyiidulepidian 
group,  in  which  the  Favulanan  ifroup  may  be  Included,  the  t\\h  are 
narrow  (fig.  139O  and  often  striate,  and  tlje  leaf-scars  larye  and  hexa- 
gonal, or  shieU  I -shaped  :  t\pe,  S.  Usselinta  (fig.  1389,  B).  Finally,  the 
typical  group  is  cliamctenscd  by  the  bruad  ribs  to  the  bark,  of  which 
the  width  usually  exceeiU  that  of  the  ov:il  or  elliptical  leaf'scars ;  types, 
,!>.  rtiU/ermit  and  S.  Broiuni  i|li^.  13119,  a). 
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CHAPTER    LXVII. 

SUB-KINGDOM    C  O  R  Af  O  P  ff  Y  T  A—continued. 

Series  Phanerogam*. — Class  GvMNOSPERBiiE. 

Series  III.  PHANEROGAMiE. — The  Phanerogams,  which  include 
the  whole  of  the  remaining  groups  of  plants,  are  characterised  by 
the  production  of  a  seed,  and  the  consequent  concealment  or  com- 
pression of  the  alternation  of  generations.  It  has  already  been 
mentioned  that  in  several  groups  of  Pteridophytes  the  tendency  of 
the  oophore  (prothaltium)  is  to  lose  its  independent  existence,  but 
in  the  present  series  this  independence  is  totally  suppressed.  Thus 
the  macrospore  or  female  element,  now  termed  the  embryo-sac,  is 
never  detached  from  the  main  plant,  or  sporophore,  previous  to 
fertilisation  ;  while  the  oophore,  now  known  as  the  endosperm,  which 
maybe  rudimentary,  is  always  enclosed  in  the  macrospore  (embi^^o- 
sac).  The  seed  is  developed  from  the  ovule  (of  which  the  envelope 
is  known  as  the  lesta\  which  produces  the  embryo-sac,  and  in  this 
the  endosperm  and  the  oospkere.  The  latter  is  fertihsed  by  the 
polkn-tube  or  outgrowth  from  the  pollen-gratn,  which  represents  the 
microspore  of  the  Pteridophytes. ^  The  plant  is  always  differentiated 
into  stem,  leaves,  roots,  and  hairs ;  and  its  branching  is  normally 
monopodia!,  the  main  axis  continuing  to  grow  and  producing  its 
lateral  shoots  and  roots  beneath  its  apex.  Phanerogams  are  further 
characterised   by  the  metamorphosis  and  differentiation  of  homo- 

'  It  is  thus  evident  that  the  Ph£iner<^>a.ni  with  its  pollen-gmns  and  embryo-sacs 
iEi  equivalent  to  the  sporophere  of  the  Pteridophytes.  The  sexual  diRereniiaiion. 
whicl>  in  the  most  specialised  memliers  of  the  latter  commences  with  the  formation 
of  macrospores  and  microspores,  is,  however,  carried  further  back,  being  mani- 
fested not  only  in  the  formation  of  embryo-sac  and  poll  en -grains,  but  aUo  in  the 
diffL-iences  between  ovule  and  pollen-sac,  and  between  the  modified  leavei  (carf/h 
and  slametis)  bearing  them,  and,  even  earlier,  in  the  distinction  between  mate 
and  female  (lowers,  and  finally  in  the  development  of  separate  male  and  fem»le 
{diadaus)  plants.  At  least  for  a  time,  the  seed  unites  in  itself  the  two  gener»- 
tionit — the  (jrothallium  (endosperm),  and  the  embryo  or  young  plant  of  the  second 
generation.     (Sachs.) 
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logous  structures  Tor  the  ^jurpose  of  reproduction,  as  is  shown  la 
the  Rower,  into  t}ie  complex  aliuctutc  of  which  it  will  be  unnccvasary 
to  enter  here.  The  ditfereiuisiion  of  the  tissues  is  also  more  com- 
plex than  in  the  Pteridophylcs. 

Phanerogams  include  the  highest  tyfjes  of  plant  life,  and  il  will 
be  seen  from  tlic  sequel  how  there  has  been  a  gradual  ad\-ancc  tn 
their  degree  of  organisation  as  we  ascend  in  the  geological  scale; 
the  moat  specialised  groups  only  making  thcii  appearance  at  a  late 
epoch. 

Class  I.  (Jymnosperm.^. — The  first  and  most  generalised  class 
of  rhanerogarns  is  characterised  by  the  ovules  and  seeds  not  being 
enclosed  in  the  ovary,  and  by  the  early  development  of  a  distinct 
endosperm  forming  aichegonia  in  which  the  oiisphcics  originate. 
The  first  leaves  produced  from  the  embryo  arc  arranged  in  whorls 
of  two  or  more ;  and  the  wood  grows  from  the  outside,  forming 
Annual  rings  of  growth. 

In  many  respects  the  existing  Gymnospcmts  arc  intenncdiate 
between  the  Pteridophyte*  and  the  Ph.inerogams ;  and  it  is  practi- 
cally certain,  a^i  we  have  already  hinted,  that  in  pnst  times  there 
was  a  complelt;  transition  between  the  two  series.  The  class  in- 
cludes the  Cycads  and  Conifers  and  dates  from  the  Devonian  ;  but 
in  the  middle  Mcsozoic,  which  has  hence  been  termed  the  "age  of 
Uymnospcrms,"  it  aiiaincd  its  highc.<>t  stage  of  development,  and 
constituted  the  dominant  type  of  the  flora.  The  existing  forms  are 
uiuully  arranged  in  three  orders,  while  a  fourth  is  ficquenily  made 
for  the  reeeption   of  the  extinct  Corilnites. 

Oki>£R  (.  CvCAiiACK*.- — Existing  Cycads  {fig.  1 394),  which  occur 
in  the  warmer  regions  of  America  and  Mia,  and  also  in  South  Africa 


f^  tyt^ — A  naleCjCMl  yM^m^tma  ifiraJii)',  (rum  Aiulnilia-    bceall]'  cvJueni. 

Australia,  are  low  palm-like  trees,  with  a  short  unbranched 
stem,  occasionally  divided  into  two,  marked  by  leaf-scars.  The 
leaves  form  a  crown,  and,  except  in  one  genus  ■whete  SXve^  vk. 
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bipinnate,  are  simply  pinnate ;  their  structure  is  very  finn,  and  thej 
usually  develop  in  a  circinate  manner  like  ferns.  The  plants  are 
male  and  female ;  the  male  fructification  being  borne  in  cones  (fig. 
1394),  while  in  the  female  the  ovules  are  usually  situated  on  the 
margin  of  modified  leaves  or  on  the  base  of  scales. 

Existing  Cycads  are  divided  into  the  families  Cycadea,  Etutpha- 
lartea,  Stangeriea,  and  Zamiea.  Of  these  the  living  South  African 
genus  Encephalartos  occurs  in  the  Miocene  of  Euboea,  and  perhaps 
in  the  Rhsetic  of  Honduras  ;  while  a  leaf  from  the  Miocene  of  Styria 
has  been  referred  to  the  Mexican  genus  Ceratotamia,  belonging  10 
the  Zamiea. 

The  family  position  of  extinct  genera  is  for  the  most  part  un- 
certain, and  it  is  accordingly  unadvisable  to  make  any  attempt  at 
such  divisions.  As  is  usually  the  case  with  fossil  plants,  genera 
have  been  founded  upon  different  portions  of  the  organism,  so  that 
in  many  cases  we  doubtless  have  the  same  type  described  under 
two  or  more  names.  In  the  Mesozoic,  as  Sir  J.  W.  Dawson  remarks, 
Cycads  had  a  world-wide  distribution,  and  many  of  the  imdermen- 
tioned  European  genera  likewise  occur  in  America.  The  qwdes 
occurring  in  the  Cretaceous  of  Greenland  are,  according  to  the  same 
authority,  of  small  size  and  low  growth,  so  that  they  may  hara  been 
protected  from  the  winter  snows.  Some  of  the  more  southern  fonns 
attained,  however,  a  considerable  height,  and  must  have  resembled 
palms.      The  order  is  known  from  the  Carboniferous  upwards. 

Genera  founded  on  Leaves.  —  The  genera  based  on  the 
evidence  of  leaves  will  be  taken  first  Of  these  Cycadites  has  the 
leaflets  attached  by  the  whole  width  of  their  base  to  the  stem,  with 
a  single  vein,  while  the  young  leaves  are  circinate ;  in  all  of  which 
respects  it  approximates  to  the  existing  Cycas.  It  occurs  in  Europe 
from  the  Carboniferous  to  the  Upper  Cretaceous ;  and  in  India  it 
is  characteristic  of  the  Upper  Gondwanas.  Podotamites  with  small 
leaves,  and  the  leaflets  alternating  and  narrowed  at  the  base,  ranges 
in  Europe  from  the  Rhsetic  throughout  the  Jurassic  and  into  the 
Lower  Cretaceous ;  it  is  also  found  in  the  Dakota  Cretaceous,  in 
the  Upper  Gondwanas  of  India,  and  in  the  reputed  Trias  of  Ne« 
Zealand.  Till  something  is  known  of  its  fructification  the  affinities 
of  this  genus  cannot  be  determined.  Zamites,  again,  is  a  very  large 
genus  with  small  or  medium-sized  leaves,  in  which  the  leaflets  are 
attached  by  a  calus  to  the  upper  surface  of  the  stem,  and  are  subject 
to  a  considerable  variation  of  form.  In  Europe  this  genus  is  well 
represented  from  the  Middle  Trias  to  the  Upper  Cretaceous  (Green- 
land), an  isolated  species  being  found  in  the  Miocene.  It  is  also 
recorded  from  the  reputed  Trias  of  New  Zealand,  and  the  Upper 
Gondwanas  of  India.  Glossoeamttes  includes  large-leaved  C>'cads 
with  subsymmetrical  leaflets,  occurring  typically  in  the  European 
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WcaJdcn,  hut  according  to  I>r  Feistmantcl  aIso  represented  in  the 
Lias  and  ihe  Lower  Gondwaiias  of  India.  PtihphyUum  (Hg.  1 595)  is 
a  genus  characteristic  of  tlif  Upper  (iondwana^,  having  long  narrow 
leaves,  with  alternating  k-aflcts  which  arc  likewise  long  and  narrow, 
and  are  aitachixl  to  ihc  front  of  the  stem,  with  upwardly-directed 
icrminal  points,  and  a  simple  venation.      Otoiamifts  (fig.  (396), 


%\V\V\\Vv\Cr,  ,^tv 


rron  iha  t  ppH  Gondvuuu  ai  Imlia.     (Afti*  F«Ui- 


nicL) 


fit.  i3«&  — I'ui  v(  \vaS  vt  Ot*mimlla 
^tnamtimiti :  (mv  Ihe  Lower  UqihJimmc 
uf  IndlA.    (Aftrr  TiiMnuinitl,) 


according  lo  Iht-  last-named  writer,  is  allied  lo  PtilophyilHm,  but  dis- 
tinguished by  the  lower  basal  angle  of  the  leaflets,  which  in  the  latter 
is  lUffixed  and  dccurrcnl  on  ihc  stem,  becoming  free  and  rounded  like 
the  upper  one ;  the  disposition  of  the  veins  being  vtry  isiiiiibr  in 
both  genera.  In  Europe  this  genus  occurs  verj-  .ibundantly  from 
the  Rhictic  to  ihe  Upper  Jurassic,  is  well  represented  in  the  Cach 
stage  of  the  Upper  tiondwanas  of  India,  and  also  occurs  in  the 
Rhstic  of  Honduras.  CftnopkyUum  is  an  allied  genus  tj-pically 
from  the  Upper  Lias  and  Ixiwer  Jurassic  of  Europe.  An  important 
gcnu»  is  Pterophyllum,  in  which  Dr  Feistm-inlcl  includes  Anumt- 
tamitts  of  Schinipcr,  occurring  in  Europe  from  the  Carboniferous 
10  the  UpiKT  JunLuic  and  Wcatdtfn,  in  India  from  the  higher 
uage  of  the  Lower  (Jondwanas  to  the  two  lower  divitiions  of  the 
Upper  Gondwanas,  and  aEso  recorded  from  the  reputed  Trias  of 
New  ZcalancL  The  leaves  arc  stalked,  of  moderate  size,  and 
considerable  widih  :  while  the  Icailccs  arc  gcnetally  opposite,  articu- 
lating at  right  angles  with  the  sides  of  the  stem,  and  having  numerous 
veins.  PtUoMmitci  is  an  allied  type  from  the  Khsetic  of  the  Con- 
tinenL  A'ihsonia,  of  the  Rhajtic  and  Lower  Jurassic  of  Europe, 
is  readily  distinguished  by  its  leaves  being  either  strap-like  and 
undivided,  or  with  sliyht  segmentation.  Sphennzamilff  from  the 
French  Jurassic  and  the  Rhictic  of  Honduras,  and  MacropierypHm 
from  the  Keupcr  of  Carinthia.  are  imperfectly  known  forms,  which 
may  be  alhcd  to  JVixggeruthut  noticed  below.  DiHyoiamUes  is  a 
peculiar  form  from  the  Upper  Gondwanas  characterised  by  the 
leaves  having  a  net-like  venation,  as  in  the  genus  Ghtiopttrit  (fig. 
1376)  among  the  Ferns,  and  is  regarded  by  Dr  Feistniantcl  as  the 
type  of  a  distinct  family,  .\nother  type  is  presented  by  the  g±nM% 
vou  II.  I  s 
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Rhiptosamites  from  the  Jurassic  of  Siberia,  to  which  Nitggerathiopm 
of  the  Lower  Gondwanas  of  India,  the  Hawkesbury  beds  of  Australia, 
and  the  Rhsetic  of  Honduras,  is  closely  allied,  if  indeed  it  be  gen- 
erically  separable.  It  is  known  by  specimens  which  appear  to  be 
leaflets  of  a  pinnate  leaf,  and  are  of  an  elongate  form  with  forked 
radiating  veins  which  do  not  converge  towards  the  summit 

Genera  founded  on  the  Fructification. — The  name  Cyca- 
dospadix  has  been  applied  to  the  female  fructification  of  Cycads 
from  the  Lower  Lias  and  Corallian  closely  resembling  that  of  Cyaxs. 
Cones  from  the  Lias  to  the  Wealden  have  been  destnibed  as  Zamio- 
strobus  and  Beania  ;  while  seeds,  ranging  from  the  Keuper  to  the 
Wealden,  are  known  as  Cycadeospermum. 

GENtiRA  FOUNDED  ON  STEMS. — Stems  of  Cycads  are  of  not  un- 
common occurrence,  especially  in  fresh-water  deposits,  and  are 
locally  known  to  the  quartymen  of  the  south  of  England  as  "fossil 
hirds'-ncsts,"     According  to  the  arrangement  of  Count  Saporta  the)' 

may  be  classified  as  follows : 
Bolbodium,  from  the  Lias  and 
Corallian  ;  Cylindropodium. 
from  the  Lower  Lias  and  Up- 
per Jurassic;  and  ManttUia 
(fig.  1397),  also  known  as 
Cycadoidea  or  Clathropodium, 
from  the  Upper  Jurassic  and 
Wealden,  which  is  especially 
common  in  the  "  dirt -bed '' of 
the  Isle  of  Portland.  Other 
f™^;i^;hV¥.7i:::ro^i:;7r^?pT^£S5r&  stems,  ranging  from  the  Juras- 
''"'■""'■  sic   to   the   Lower  Greensand, 

have  been  described  by  Mr 
Carruthcrs  under  the  name  of  Sennettiles  ;  the  associated  fructifica- 
tion differing  in  several  respects  from  that  of  existing  types.  The 
preceding  forms  have  comparatively  short  stems,  but  in  Pialykpis. 
of  the  Lias,  and  Ftttonia  and  Sucklandia,  of  the  Upper  Jurassic 
and  Wealden,  the  stems  may  attain  a  height  of  several  feel. 

Here  we  may  notice  the  remarkable  genus  Wi/liamsonia,  ranging 
from  the  Rh^etic  to  the  Jurassics  of  Europe,  in  regard  to  the  serial 
position  of  which  there  has  been  much  discussion.  It  is  based  or 
the  fructification,  which  in  some  cases  is  found  attached  to  stem* 
with  spirally  arranged  leaves.  It  has  been  suggested  that  this  plant 
may  belong  to  the  dicotyledons,  while  Mr  J.  S.  Gardner  considers 
that  its  affinities  are  with  the  monocotyledonous  Pandanacea ;  but 
it  appears  quite  possible  that  it  may  really  prove  to  be  an  extremely 
aberrant  Cycad.  This  genus  is  also  found  at  the  base  of  the  Upper 
(iondwanas  of  India. 


Transitional  TS'pks. — The  ramilics  Nagj^raifuca  and  Corda- 
itttt,  of  the  Palaeozoic,  appear  to  include  types  which  arc  in  many 
respects  transiliorul  between  the  c.\istiiig  Cycads  and  Conifcr^s  and 
may  thererore  provisionally  occupy  an  inleimediate  position.  Both 
famtlies  ace,  indeed,  referred  by  Mi  K)d»ton  to  Ihe  Cycads,  but 
other  writers  would  place  some  or  all  of  these  rornis  with  the 
Conifer:-.  In  the  firtit  family  the  type  genus  A'ce^gcmlAia,  which 
occurs  in  the  Eurupe.in  and  Nurlh  American  Carbon  if eritu»i, 
has  the  leaves  arranged  in  two  opposite  rows  (distichous),  ihcK 


Pit  ijtt>— LrMraof /'tnCW^^/'^xiLiyMiiuvm.'  hocp  iIm  rmnion  of  Rm^ 

having  a  cuneiform  base,  with  radiating  veins  which  do 
not  form  forks,  Psygmopkyilum  (fig.  1398),  or  GingkaphyUnm^ 
is  an  npparenily  allied  t^e  from  the  Kuropean  Carboniferous 
and  Pennian,  which  ist  placed  by  Or  Schcnk  with  the  Toxoid 
Conifers.  A  branch  from  the  upper  Pevoni-in  of  Wyoming, 
described  by  Sir  J.  W.  Daw&on  as  Dictyoairdailes  ia  stated  to 
connect  J\i'atggerath:a  with  the  under-nicnlioned  genii^  Cordaifes ; 
since,  in  place  of  the  parallel  venation  uf  the  latter,  the  veins 
fork  at  an  acute  angle,  and  are  slightly  netted  by  the  spreadir^ 
branches  of  i>ne  vein  uniting  with  those  of  an  adjaccuV  owe.    'Vivt 
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second  Eainil}^  b  represented  by  the  gentit  CordaiUs  (6g.   1399)1 
aging  from  the  Devonian  to  the  PermiAn,  and  occurring  in  Ixrtl 

iht     Old    and     New     Worlds. 
These    plants     formed      Irefl 
reaching  to  a  height  of  30  os 
30  I'cct,  with  thv  stems  nurked 
by  tiansvcrsi:  leaT-scars,  and  tlic 
leaves  arranged  in  whorls ;  the 
leaves    thcniselves    (fig.    139^) 
being      companiiively      brutd^ 
with  parallel  longiEudinal  %*cin^ 
.i(id  nttnched   by  a    t^omctthati 
wide  base.     Their  fructilkaiioa 
consisted  of  male  and  female 
catkins,   forming  long   raccntcs 
(I^K-  1399)1  ^"ti  known  as  An- 
thoUthus ;    whkb   »ub»tMiuentlf 
produced     berries     known    » 
Cardmarput,   some   of  which 
appear  to  have  had  wing-like 
envelopes,    while    other    typa 
hud   a    soft    pulpy    cover   Hkc 
those   of    ihc    existing    Yrn. 
The  stem  had  a  large  central 
pith  surrounded  by  scalahfonn 
tisiiuc  with  a  cylinder  of  woody 
wedges ;  the  casts  of  ihete  pitb- 
cavtties    arc    included    amon; 
the  KO-oilled  Sttrabtrgia,  to  l* 
shortly  inenlioned.     Accordws 
to  Or  Schenk  the  female  fructificalion  of  Cordaitts  is  most  like  ihu 
of  the  Cycads,  while  the  mile  fructiAcation  and  the  structure  of  the 
stem  comes  nearest  to  the  Conifers. 

In   this  place  certain   Carfaoniferoot 

^^^L  fruits  which  have  not  at  present  been 

^rt^^    JF  J|^k  referred  to  their  respective  plants  maf 

^U^l  K  ^B^         '>^  conveniently  noticed.      Tliese  h-ive 

V^^B    wllV  \i<xt\  named  Hhahi^arpM,  CarpoHthaiy 

^^^       ^^^^  Trigonocarput    (fig,    1400),    and   TWrf- 

exyns.    They  arc  large  and  anguUted 

nut-like  fniiu,  resembling  thoM  of  the 

Vcws.     Specimens  of  Trigomfmrfut  ut 

cxircmcly  numerous  in  some  of  the  ci^l- 

mea^ure^;  a  slab  of  sandstone  in  the  British  Museum  measuring 

31X15  >"<^he5  containing  more  than  400  of  these  nuts.     The  ffiS* 
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Dawson  that  some  of  these  fruiti  nuy  belong 
lo  Sigillarians  has  been  already  mcmioned,  but  nnost  recent  authori- 
ties agree  in  regarding  them  as  belonging  to  Cordaiiex  or  Conifers. 

Ordgk  a.  Conifer*. — This  order  includes  the  existing  Yews, 
Pines,  and  allied  forms,  und  is  of  considerable  jjalatontological 
impurtince,  although  the  different  groups  can  be  but  very  briefly 
mentioned  in  this  u-orfc.  Conifers  arc  characterised  by  the  strong 
and  continuous  growth  of  the  main  axis,  which  forms  a  slender 
conical  stem  sometimes  eiceeding  300  fed  in  height;  on  this  main 
stem  the  lateral  ascs,  or  primary  branches,  arise  cither  in  rosettes  at 
intervals,  or  irregularly,  and  again  subdivide  in  the  same  manner; 
the  whole  contour  of  the  tree  thus  forming  a  more  or  less  regular 
cone.  l"he  leaves  may  he  either  xl]  foliage  leaves  containing  chloro- 
phyll ;  or  all  colourle:<s  or  brownish  scales ;  or  a  mixture  of  foliage 
leaves  and  scales.  The  foliage  lea\'es  are  mostly  small  and  simple, 
and  very  raK-ly  compound ;  and  thus  form  a  striking  contrast  to  the 
Cycads,  where  the  leaves  constitute  the  greater  part  of  the  plant. 
The  flowers  arc  always  of  separate  sexes;  but  the  trees  themselves 
ma.y  either  hear  one  or  both  kinds  of  flowers.  These  flowers  are 
never  terminal  on  the  main  axis,  and  are  subject  to  grvat  variation 
of  structure  in  the  difl"erent  famiiie."!.  The  male  flowers  are  not  of 
much  importance  to  the  palaeontologist,,  who  has  more  often  to  deal 
with  those  of  the  female.  The  best  known  examples  of  the  lalier 
Are  the  cones  of  the  Abittima.  which  are  modified  shoots  beating  k 
number  of  closely  packed  woody  scales,  on  wliich  the  ovules  are 
usually  placed  tn  pairs. 

The  earliest  fossils  referred  to  the  Conifcnc  arc  trunks  i>r  large 
trees  occurring  in  Europe  and  North  America,  from  the  Carbonifer- 
ou-s  to  the  I'crmian,  and  described  under  the  names  of  DaJaxyhit, 
Arauearioxy/on,  or  Piniies.  These  stems  exhibit  the  woody  structure 
characteristic  of  existing  Conifers,  and  Sir  J.  W.  Dawson  states  that 
they  are  found  in  asAociation  with  leaves  of  Permian  genera  of 
lyalehiar  noticed  below,  and  consciiuenlly  places  them  in  that  family. 
It  has,  however,  heen  suggested  that  at  least  some  of  these  stems 
belong  to  the  Cordaitttr,  although  strong  reasons  have  been  pro- 
pounded against  the  acceptance  of  this  view.  Some  of  the  curious 
ringed  cylinders  described  under  the  name  of  S/grn/vrf^ia  or  Artisia 
are  casts  of  the  pith-cavity  of  Dadnxyion.  Steins  from  the  coal- 
mc^urcs  have  been  found  with  a  length  exceeding  70  feet. 

ix-aving  these  doubtful  forms  we  may  proceed  to  the  consideration 

the  Ave  existing  families  into  which  the  order  may  be  divided. 
The  Taxiiutr,  or  Yews  and  their  allies,  have  their  leave-S  which  are 
often  of  considerable  width,  arranged  spirally  ;  the  flowers  t)*pically 
dioecious;  and  with  the  ripe  seed  enclosed  in  a  fleshy  cnvclovc. 
We  have  already  mentioned  that  Ptygmopkyllum  (.GiwRfcof 'kyl''""^  ^"^ 
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placed  in  this  family  by  Dr  Schenk ;  but  exclusive  of  this  fonn  we 
have  several  genera  allied  to  the  existing  Salisburia  or  Gingko-tree 
of  Japan  and  China,  characterised  by  its  fan-like  leaves  (fig.  1401). 

This  genus  had  an  almost  world-wide 
distribution  in  past  times,  being  abun- 
dantly represented  from  the  Permian, 
and  if  Saportea,  from  the  Carboniferous 
of  Pennsylvania,  be  rightly  included,  ex- 
tending as  low  as  the  preceding  period. 
It  is  very  curious,  as  Sir  J.  W.  Dawson 
remarks,  that  this  genus  should  now  be 
restricted  to  a  single  Asiatic  species,  al- 
Fij  ,40,-u.r  of  Gin,ko-.r«  ^hough  it  wiH  grow  in  temperate  Europe 
(Saiuitirja   n't^Hca) :   from   the    and  Amcrica,  without,  howevcT,  usuallv 

Lom-er  Cretaceous  of  Sibens.    (Af-  ,       .  .      .  -,,,..  . 

tcr  DiwKHi.)  produang  iruiL     In  India  tt  occurs  in 

the  Upper  Gondwanas.  Rkipidopsii, 
from  the  Lower  Jurassic  of  the  Atlas  and  the  Lower  Gondwanas  of 
India,  is  an  extinct  genus  with  large  leathery  leaves  usually  divided 
into  five  wedge-shaped  segments,  of  which  the  middle  one  is  the 
largest.  Other  extinct  genera  are  Dicram^kyUum,  from  the  Car- 
boniferous of  France,  China,  and  Canada ;  Triehopitys,  from  the 
Jurassic  of  Europe ;  the  allied  Cukanawskia,  from  the  Eiuopean 
Rhietic  and  Jurassic,  the  Jurassic  of  China,  the  Wealden  of  Portugal, 
and  the  Upper  Gondwanas  of  India ;  and  Fieldenia  and  Phanicopsis, 
the  former  being  from  the  Miocene  of  Spitzbergen,  and  the  latter 
from  the  Jurassic  of  Northern  Europe  and  the  Upper  Gondwanas. 
Many  of  these  genera  have  the  leaves  divided  into  long  slender 
slips,  but  in  the  true  Yews  the  leaves  are  simply  acicular.  The 
existing  genus  Taxus,  together  with  the  closely  allied  or  identical 
Taxites,  has  a  wide  distribution,  being  well  represented  in  the  Ter- 
tiaries  and  extending  down  through  the  Jurassic  to  the  Rhjetic 
The  allied  Cephahtaxus,  of  China  and  Japan,  in  which  the  male 
fiowers  are  in  clusters,  and  the  seed  is  completely  enveloped  in 
the  fleshy  capsule,  is  represented  in  the  Tertiary  and  Cretaceous  of 
Greenland ;  while  another  existing  genus,  Torreya,  occurs  in  the 
Tertiaries  of  Greenland  and  America.  Finally,  omitting  some  less 
important  types,  the  tropical  genus  Podocarpus  occurs  abundantly 
throughout  the  Tertiaries  of  the  greater  part  of  the  world. 

The  genus  Walchia  (fig,  1402)  may  be  taken  as  the  representa- 
tive of  a  group — the  Wahhiea — which  may  perhaps  serve  to  connect 
the  Yews  with  the  Araucarias.  In  the  type  genus  the  secondary 
branches  or  twigs  are  arranged  alternately  in  two  rows,  and  cany 
spirals  of  angulated  acicular  leaves ;  larger  leaves  covering  the 
primary  branches  in  an  imbricating  manner.  The  fruit,  according 
to  Dr  Schenk,  formed  true  cones,  approximating  to  those  of  the 
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Araucarias  ;  but  it  should  btf  observed  that  Sir  J.  W.  Dawson  con- 
siders that  thtir  fruit  was  not  in  the  shape  of  cone^  but  ■w.is  of  the 
type  of  that  of  the  Yews.  'I'his  genus  occurs  in  the  Pennian  of 
Europe  and  North  America.  Uilmania^  of  the  European  Ptmiiun 
and  Kcupcr,  is  an  apparently  allied  type  in  which  cones  are  known 
to  have  been  developed. 

In  the  same  family  Dr  Schenk  places  the  genus  Pagtophyllum 
{^Paehyphyllym),  which  has  thick  leathery  leaves  of  triangular  fonn, 


l^"fl 


*•!((. 
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of  3Ui)n]i.    {Mitt  Guibkr.) 


amnged  spirally  on  the  stem  and  branches,  and  uniting  at  their 
bases.  In  Europe  il  occurs  from  the  Buiiter  to  Ihe  Lower  Creta- 
txous;  it  has  also  been  recorded  from  the  Upper  Gondwanas  of 
Indb,  but  some  of  the  species  from  those  beds  seem  to  belong  to 
Arauearia,  to  which  this  genus  appears  lo  be  nearly  related 

The  Araucarita  are  too  well  known  to  require  much  description  ; 
typically  they  arc  lofty  evergreen  trees,  with  vcrticillate  spreading 
blanches,  covered  with  stiff  and  flattened  leaves,  with  sharp  poinu, 
and  usually  imbricating.  The  cones  are  large,  globular,  and  ter- 
minal. The  existing  species  are  mostly  confined  to  ihe  southern 
hemisphere,  and  belong  to  three  genera.  Of  these.  Dammara, 
wliich  extends  into  the  Malay  Peninskula.  and  affords  the  well-known 
^um-daniar,  may  be  represented  in  the  Upper  Cretaceous  of  Green- 
land and  the  United  States;  but  the  specimens  from  the  Creta- 
ceous described  as  DammnriUs  may  apparently  be  cones  of  Cycads, 
Araucaria  itself  is  now  chiefly  known  from  Au-stralia,  New  Guinea, 
Norfolk  Island,  and  South  .\merica,  but  in  past  times  had  a  much 
wider  distribution.  Thus  it  occurs  in  the  Icrtiary  of  the  Arctic 
re){ions,  in  the  Knglish  Kocene,  in  the  Dakota  stage  of  the  .A.mcrican 
Cretnoeous,  and  right  through  the  W'ealden  and  Jurassic  of  Europe. 
It  also  occurs  in  the  Indian  Gondwanas,  where  some  of  the 
species  have  been  described  as  Arattearitts,  while  the  figured 
Kpecimeii  (fig.  1403),  which  was  referred  by   Dr  V«»uaa.-KU^  «> 
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Fig.  1403-  —  Brancb  of  Armn- 
cariu  {Pa^fffhjfllum)  drvaricata  ; 
from  tbe  Upper  Gondwanas  of 
Cach.    (After  Feist  mantel.) 


Pagiephylluni,  is  regarded  by  Dr  Schenk  as  inseparable  from  the 
existing  genus.  The  extinct  genus  Cunningkamites  is  founded  on 
branches  which  appear  to  closely  resemble  those  of  the  existing 
Cunningkamia  of  China ;  it  occurs  in  the  Upper  Cretaceous  and 
Miocene  of  the  Continent,  and  the  Cretaceous  of  the  United  States. 
Finally,  the  genus  Albertia,  from  the  Bun- 
ter  of  Alsace  and  the  Lower  Gondwanas 
of  India,  may  be  mentioned  here,  although 
it  is  not  certain  that  its  true  position  is 
not  with  the  Ahieiinea. 

The  family  Taxodinea  is  another  ancient 
type  represented  from  the  Permian  up- 
wards. The  leaves  are  generally  more  or 
less  linear,  and  may  be  arranged  in  two 
rows,  or  crowded  tt^ether  at  the  ends  of 
the  branches.  In  Taxodtum  and  Gfypio- 
itrohus  the  lateral  shoots  are  deciduous. 
The  oldest  genus  is  Volttia  (Glyptolepis, 
GlyptoUpidiutn),  of  the  Permian  and  Trias 
of  Europe  and  the  Lower  Gondwanas  of 
India ;  followed  by  the  allied  Leptostr&- 
bus,  of  the  Lower  Jurassic  of  Sibena. 
Cyciopitys,  again,  from  the  latter  deposits 
and  the  Lower  Gondwanas  of  India,  is  considered  to  be  an  ancestral 
type  of  the  existing  Sciadopitys  of  Japan,  which  connects  the  typical 
members  of  the  family  with  the  Abitlinea.  The  genus  TaxodtMm 
is  now  known  by  two  species  from  North  America,  of  which  T. 
dislichum  dates  from  the  Upper  division  of  the  Laramie  beds,  and 
occurs  also  in  the  Eocene  of  Utah,  whence  it  can  be  traced  through 
the  Tertiaries  of  Alaska,  Canada,  Greenland,  and  Spitzbergen,  and 
thus  to  the  Upper  Miocene  of  CEningen  in  Switzerland.  The  closely 
allied  Glyptoslrobm  of  China,  readily  characterised  by  the  sculptured 
scales  of  the  cones  and  small  leaves,  has  a  somewhat  analogous  dis- 
tributional history ;  thus  it  first  appears  in  the  Lower  Cretaceous 
of  Greenland,  and  is  also  found  in  the  upper  part  of  the  same  s)"s- 
tem  ;  thence  it  extends  in  one  direction  through  Arctic  America  to 
the  United  States,  where  it  is  found  in  the  topmost  beds  of  the 
Lnramie,  and  in  another  to  Europe,  where  its  range  extends  from 
the  Lower  Miocene  (Oligocene)  to  the  Pliocene ;  G.  europeus  being 
common  to  Europe  and  the  Laramie  beds.  The  well-known  Sequoia 
( Wellingfoma),  in  which  the  scales  of  the  cones,  instead  of  imbri- 
cating as  in  the  preceding  genera,  form  woody  pyramids  at  right 
angles  to  the  axis,  is  now  known  by  two  Californian  species.  Of 
these  S.  sempervirens  has  erect  leaves  arranged  in  two  rows  and 
small  round  cones ;  while  S.  gigantea,  the  "  Big  tree,"  has  smaller 
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leaves  crowded  together,  and  larger  egg-shaped  cones.  It  is  re- 
markable that  these  iwo  lypcs  are  represented  by  aliiod  species  tn 
the  Lower  Cretaceous,  where  we  also  find  species  which  are  inter- 
mediate, and  both  typi's  continue  right  through  the  'I'erliarics  of 
Europe  and  North  America,  which  are  connected  hy  the  <irccnland 
deposits;  while  one  species  has  also  been  found  in  the  Kocene  of 
Australia.     Altogether  twenty-six  species  arc  known. 

"This,"  as  Sir  J,  W.  Dawsonobscrves,  "is  perhaps  the  mo^itrcniailcaMc 
record  in  ihc  whok  history  of  vegetation.  The  Sccjuoias  arc  the  ^anls 
of  the  Conifers— the  grandest  represcnmtivcs  of  ihc  family- — and  ibc 
fact  that, after  spreading  over  the  whole  northern  hemisphere  and  attain- 
inu  to  more  than  twenty  specilir  forms,  their  decitying  remnant  should 
now  be  confined  to  one  limited  region  in  America,  and  to  two  s[)ecie», 
constitutes  a  sad  memento  of  departed  ({rcatness.  The  &mal1  remnant 
of  .J".  CT^'tiwCcrt  stilt,  however,  lowers  above  all  competitors  as  eminently 
the  'bi^  trees':  but  had  they  and  the  alhcd  species  failed  to  escape  the 
Tertiar>- continental  submergences  and  the  disasters  of  the  gladal  period 
this  ifrand  jj^^nus  would  have  been  to  lis  iin  eilinci  type.  In  like  manner 
the  iurviv:il  of  the  t>in|{le  (linjikn  nf  Ka.sicrn  A»ia  alone  enables  u»  to 
understand  that  tfreat  s^crici  of  laxtnc  trees  with  fan-litcc  leaves  of  wbicli 
it  is  now  the  sole  representative," 

Geiititaia,  from  the  Upper  Cretaceous  and  Lower  Tertiary  of  both 
Europe  and  North  America,  appears  to  connect  the  preceding  with 
the  following  genus;  it  has  alternating  branches,  with  two  rows  of 
snult  sicklc-shajK-d  leaves,  between  which  arc  scalclikc  leaves  and 
elongated  persistent  cones,  RrachyphyHum  is  characterised  hy  its 
extremely  short  and  thick  icale-like  leaves,  which  are  spirally  ar- 
ranged ;  it  occurs  in  Euro|«r  from  the  Rhsetic  to  the  VVealdcn,  and 
is  also  found  in  the  North  American  Cretaceous.  An  allied  extinct 
genus  is  the  remarkable  Echinaslrxibus,  of  the  Upper  Jurassic  of 
F.urope  and  the  Indian  Upper  Gondwonas,  in  which  the  stenn  is 
fl.nilened,  and  the  branches  arc  covered  with  imbricating  scale-like 
lcavt.*« ;  while  the  club-like  cones  arc  borne  .it  the  summits  of  short 
Uicral  branches.  Other  cxiinci  genera  of  this  family  are  Cyfan's- 
stJium  from  the  Rhaetic  and  Upper  Cretaceous  of  Europe ;  Jneltpis 
of  the  Upper  Cretaceous  of  Orecnland  ;  Chiroltpis  from  the  Rhictic 
and  Lias  of  France  and  Switzerland ;  and  Swedenborgia  from  the 
Khaetic  of  Palsjo. 

'ITie  Cufireiiinetf,  inrluding  the  Cypresises,  Jtinipcrs,  and  Thujas, 
are  moderate  siied  or  shrub-Iikc  trees,  usually  with  very  minute 
scale-like  leaves  closely  adherent  to  the  branches,  and  generally 
arranged  m  two,  althoui^h  sometimes  in  three  or  four  rows.  In 
some  oases,  however,  the  leaves  are  linear,  especially  in  the  young. 
This  family  dates  from  the  Upper  Tria.s,  and  is  represented  at  the 
present  day  by  some  twelve  genera.  One  of  the  earhcst  known 
genera  is  Widdhtg/ifrnfa,  from  the  Keuper  of  tlic  ConUntuv.  m\4  >i«. 
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Jurassic  of  Europe  and  the  United  States ;  it  appears  to  be  in  some 
respects  intermediate  between  other  Conifers  and  the  nert  genus, 
and  its  reference  to  this  family  is  provisional.     The  existing  South 
African  genus  iViddringtonia,  in  which  the  leaves  are  alternate  and 
crowded,  and  in  the  young  plant  linear,  is  represented  in  the  Cond- 
nental  Miocene  ;  while  Callitris  from  the  northern  part  of  the  same 
continent  was  likewise  widely  spread  over  Europe  in  the  Middle 
Tertiary.     In  the  Upper  and  Lower  Cretaceous  of  Europe,  and  also 
in  North  America,  we  meet  with  the  extinct  genus  Fretuiopsis ; 
while  in  the  Tertiaries  allied  forms  have  been  referred  to  the  exist- 
ing genera  Fretula  and  Actiiwstrobus,  now  confined  to  the  Australian 
region ;  Libroadrus,  which  has  now  a  much  wider  distribution  than 
the  latter  genera,  dates  from  the  higher  Cretaceous  of  Greenland 
and  the  United  States,  and  is  well  represented  in  the  Lower  and 
Upper  Miocene  of  Europe     In  Moriconia  of  the  Upper  Cretaceous 
of  Greenland  and  Germany,  and  the  Dakota  Cretaceous  of  America, 
and  Tfmjites  ranging  from  the  Rhtetic '  to  the  Upper  Jurassic,  we 
have  two  genera  of  which  the  precise  affinities  are  difficult  to  deter- 
mme.     Of  the  remaining  existing  genera  known  to  occur  in  a  fossil 
state,  Thuja  is  found  in  amber,  and  has  also  been  recorded  from 
the  Upper  Cretaceous  and  Miocene  of  North  America,  but  these 
forms  are  regarded  by  Dr  Schenk  as  probably  referable  to  Ckamao- 
cypris.     Biota  of  Japan  and  China,  and  Tkujopsis  of  Japan,  occur 
in  the  Miocene  of  Greenland ;  Ckamaocyprii,  of  North  America  and 
Japan,  dates  from  the  Lower  Eocene  and  Miocene  of  Europe,  and 
probably  from  the  American  Cretaceous ;  Cupressus  (Cypress),  which 
has  a  wide  distribution  in  the  northern  hemisphere,  is  probably  found 
in  amber  ;   vh'iie  Juniperus  (Juniper)  dates  from  the  Upper  Cretace- 
ous of  America  and  Greenland.     Finally,  Palteocyparis  which  occurs 
throughout  the  European  Jurassic,  andy'A>'//i?j/r(?*wf  of  the  Kimerid- 
gian  of  France,  are  allied  extinct  types.    The  last  family  of  Conifers 
is  the  Abietinea,  including  the  Pines,  Spruces,  Larches,  and  Cedars, 
all  of  which  have  tall  symmetrical  stems,  and  usually  spirally-arranged 
linear  leaves,  which  may  be  either  flattened  or  angulated.    The  cones 
are  usually  large  and  pyriform,  with  two  seeds  beneath  each  scale. 
We  may  first  mention  the  extinct  genera  Elatides  and  Palissya,  of 
which  the  family  position  is  uncertain,  since  they  show  some  charac- 
ters of  the  Pines  and  others  of  the  Yews.     The  former  occurs  in 
the  Jurassic  of  Siberia,  but  some  of  the  forms  appear  to  be  Arau- 
cariea  ;  white  the  latter  is  found  in  the  European  Rhxtic,  the  Lower 
Gondwanas  of  India,  the  Australian  Newcastle  beds,  and  the  reputed 
Trias  of  New  Zealand.     The  existing  types  are  usually  divided  into 
a  number  of  genera,  such  as  Pinus  (true  Pines),  Abies  (Spruce), 

'  The  form  from  the  Cftrboniferous  described  under  this  nunc  is  probably  » 
Lepidodendioid. 
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Lartx  (Larch),  Cedrus  (Cedar),  &c,  but  the  generic  determination 
of  many  fossil  types  is  extremely  difficult,  and  we  can  only  state  here 
that  the  group  as  a  whole  has  undoubtedly  existed  from  the  Jurassic, 
and  may  not  improbably  date  from  the  Lias  or  Rhsetic.  Finally, 
the  family  position  of  the  imperfectly  known  Rhsetic  genus  Camptth 
pkyllum  cannot  at  present  be  determined. 

Order  3.  Gnetace*. — This  small  order,  represented  by  the 
genera  Ephedra,  Gnetum,  and  Welwitschia,  is  not  certainly  known 
to  be  represented  in  a  fossil  state,  although  several  forms  have  been 
referred  to  the  first-named  genus. 
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S£J?/£:S  PHANEROGAMj£—<:ontinved. 

Class  Angiosperm.*:. 

Class  II.  Angiosperm*. — With  this  class  we  come  to  the  highest 
development  of  plant  life,  characterised  by  the  complete  enclosure 
of  the  ovules  and  seeds  in  the  ovary,  and  by  the  more  or  less  rudi- 
mental  condition  of  the  endosperm.  As  they  are  highest  in  point 
of  development,  so  these  plants  are  chaiacteristic,  as  a  whole,  of  the 
latter  periods  of  the  earth's  history,  so  that  the  Tertiary  and  recent 
periods  are  well  described  as  the  "  age  of  Angiosperms."  The  class 
may  be  divided  into  the  two  great  subclasses  of  Monocotyledons 
and  Dicotyledons,  of  which  the  former  is  the  more  generalised,  and 
the  first  to  make  its  appearance  in  time. 

Subclass  I.  Monocotyl*. — The  Monocotyledons  are  plants 
having  only  a  single  seed-leaf  or  cotyledon  ;  and  with  an  endogenous, 
or  inwardly  growing  stem,  in  which  there  are  consequently  no  an- 
nual rings  of  growth.  It  includes  the  Palms,  Grasses,  Lihes,  &c ; 
and  it  appears  that  the  Palms  and  Grasses  are  the  earliest  known 
forms ;  the  perianthed  types,  or  those  with  large  and  conspicuous 
flowers,  not  making  their  appearance  till  a  later  date. 

There  is  indeed  some  doubt  as  to  the  earliest  appearance  of  the 
subclass,  but  it  appears  to  be  certain  that  most  of  the  Palieozoic 
forms  which  have  been  described  as  Monocotyledons  are  referable 
to  Gymnosperms.  There  occur,  however,  certain  forms  of  doubtful 
affinity  in  the  Upper  Palaeozoic,  which  have  been  termed  "pro- 
Angiosperms,"  or  types  imperfectly  developed  from  a  Pteridophytic 
or  Gymnospermic  stock,  which  we  may  proceed  to  notice.  The 
best  known  is  the  genus  Spirangium,  ranging  from  the  Carboniferous 
to  the  Wealden ;  this  is  based  on  certain  spindle-hke  bodies,  which 
are  believed  to  consist  of  from  five  to  ten  linear  valves  enclosing  a 
central  cavity,  the  valves  being  in  some  cases  spirally  twisted.  Their 
affinities  are  at  present  totally  obscure.     From  the  Russian  Permian 
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&  leaf  with  a  net-like  venation  described  under  the  name  of  DUha- 
nruroM.  li;is  been  regarded  as  a.  Monorcitylcdou,  but  apparently  on 
quite  insufficient  grounds.  The  genus  (Ethophallum,  from  the  Trias 
of  ttic  Vosgcs,  whicli  hiis  lirk-ar  leaves  arranged  in  groujis  of  three 
on  the  branches  of  a  woody  stem,  and  long  sced-bcanng  spikes 
has  also  been  referred  to  this  sulvclius.  Certain  fruit-spikes  from 
ihe  same  deposits  described  as  Eckinnstaehys  m&y  belong  to  kindred 
types.  Again,  ihc  long  ribbon-like  leaves  found  in  the  Rhxiic 
and  jurassi*:  and  known  as  YmdUs.  have  been  looked  upon  as  in- 
diotting  plants  allied  to  the  existing  Dracana  ;  but  it  U  iiuile  pos- 
sible that  remains  of  totally  distinct  types  of  vegetation  hftvc  been 
included  under  this  name.  In  the  UpiHrr  Trins  and  Lia:^  of  Swit- 
zerland occurs  the  imperfectly  known  Hambuiium,  which  Mr  J.  S. 
(lardner  regards  as  an  undoubted  Monocotyledon,  although  I)r 
Sehenk  su^estK  alfiniiy  with  the  Equisetaceie.  The  former  writer 
also  rqjards  as  Monocotytcdonoua  a  stem  from  the  Yorkshire  Oolites 
described  as  a  Calamiie.  I'lantB  from  the  Jurassic  which  h.ive  been 
named  NaiadUa,  Bcmonitt,  &c.,  arc  not  I'hancrogams  At  all ;  while 
Arindes  of  the  Cireat  OoHtc  is  based  on  a  Crinoid.  Steins  with  a 
rush  or  gnutn-ltkc  form  from  the  Purbeck  appear,  however,  to  be  true 
Monocotyledons.  I'iiially,  Rhieacauhn,  from  the  Upper  Eocene  of 
the  I'uris  basin,  is  based  on  the  evidence  of  a  »tem  which  may  indi- 
cate a  plant  allied  lo  the  Cyperacta, 

Leaving  these  doubtful  types,  we  may  proceed  to  the  considera- 
tion of  Monocotyledons  which  can  be  systematically  placed. 

Order  i.  Liuifix>r*. — This  order  includes  the  Lilies,  Irises, 
Yuccas,  and  their  allies,  most  of  which  have  conspicuous  pcrianihed 
flowers,  which  vary  considerably  in  structure,  and  may  be  of  large 
sijtc,  *I"hc  planLs  may  be  perennial,  but  arc  more  usually  annual, 
with  rhizomes  or  bulb^  The  Liiiatea  (Lilies,  Tulips,  Aloes,  Yuccas, 
&c.)are  but  of  liiilc  iwIiEontological  importance.  From  the  Eocene 
and  higher  Teriiaries  plants  have  been  described  under  the  names 
of  Axavites,  Yiuau  and  Oratana,  the  two  last  being  existing  genera  ; 
but  Dr  Schenk  considers  that  most  of  these  Ijelong  to  Dramua 
(Dragon-tree),  now  found  in  the  Canaries,  Africa,  and  India.  PLints 
of  the  genus  Smi/ax — the  type  of  a  subfamily  of  LiHaaet — occur  in 
the  Eiwopcan  Tertiarics  from  the  Eocene  upwards ;  although  it 
seems  doubtful  if  forms  described  us  SmUadna  and  Majantkfmo- 
phyilum  really  belong  to  this  group.  The /awatsrir,  or  Rush  family, 
are  known  by  species  of  Jmhcus  from  Ihe  Upper  Miocene  of  (Enin* 
gen  ;  and,  according  to  Ur  Schenk,  a  species  of  /m  from  Ihc  same 
deposits  is  the  only  fossil  representative  of  the  Miiiicnt,  although 
several  other  fossils  have  been  described  under  that  name.  In  the 
Diesioreaate  (Yams),  DitJuoritcs,  from  the  European  Miocene,  is 
probably  allied  to  Dm<»rea  ;  while  in  the  Pine-apple  (anv\\^,  w 
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Bromeiiaeea,  the  tTpical  Bromelia  apparently  occurs  in  the  same  de- 
posits.   Other  fossils  referred  to  these  families  are,  however,  distinct 

Order  2.  £nantioblast£. — There  is  some  uncertainty  as  to 
whether  this  small  order  is  represented  in  a  fossil  condition,  but  it 
is  not  improbable  that  Eriocauion  occurs  in  the  Tertiary  of  the 
United  States. 

Order  3.  Spadiciflor-b. — With  this  order,  which  comprises  the 
Palms,  Screw-pines,  and  Arums,  we  come  to  one  of  considerable 
palseontological  importance,  as  including  several  of  the  earliest 
representatives  of  the  class.  They  are  typically  tall  plants,  with 
large  wide-spreading  leaves,  and  the  inflorescence  forming  a  spadix, 
generally  enveloped  in  a  large  spathe,  and  without  a  petalled  peri- 
anth ;  the  seed  being  generally  large,  and  often  of  huge  size.  The 
first  family  of  the  Palmaaa  now  includes  about  one  thousand  species 
from  the  warmer  regions  of  the  globe,  and  dates  back  to  the  Upper 
Cretaceous.  In  the  higher  Cretaceous  of  Europe  we  meet  with  Pahns 
referred  to  the  extinct  genus  HaMiaria,  which  also  ranges  into  the 
Miocene,  and  has  been  recorded  from  the  Cretaceous  of  the  United 
States.     Fasciculiies,  from  the  Cretaceous  of  Greenland,  is  regarded 


Fig-  i404'-^A,  TnCAf  of  ChAmirrvfs  krffrlica ;  from  the  Upper  Miocene  of  SwttnrUn<l' 
E»  Lvaf  tt{  Saioi  majer ;  Tiom  the  Lovirer  Miocene  of  France-     R^uced- 


with  some  hesitation  as  a  Palm-stem  ;  and  Mr  Gardner  figures  Palm- 
wood  from  the  Folkestone  Gault ;  but  many  other  earlier  fossils, 
such  as  Palaospathe,  are  not  Palms  at  all.  In  the  Tertiary  Palms 
are  abundant,  and  from  the  Eocene  to  the  Upper  Miocene  we  meet 
with  forms  with  pinnate  leaves  allied  to  the  existing  Pluxnix  (Date- 
palm),  which  have  been  described  under  that  name,  or  as  Phani- 
cites  and  Calamopsis.  Of  the  group  with  fan-like  leaves  we  have 
already  mentioned  FlabeUaria,  and  throughout  the  European  Ter- 
tiary there  occur  leaves  referred  to  the  Old  World  genus  Chamctrefi 
and  to  Sabal  of  North  America  (fig,  1404) ;  both  of  which  genera 
have  a  more  northerly  distribution  than  any  other  types.     SeM 
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major  (fig.  1404)  occurs'm  the  Lower  and  Middle  Miocene  of 
Europe,  anii  aUo  in  the  Miocene  uf  Northern  India  :  while  rtrmiiins 
of  ihe  same  genus  have  been  desL-nbed  from  (he  Terliary  of  the 
United  States.  In  the  Lower  Eocene  of  Europe  and  the  Chalk  of 
Fuveau  lii^  fruits  occur  known  ;ls  Nipadiles  (fig.  1405),  from  tlieir 
resennbliince  10  the  triangiilaT  fruiw  of  the  Oriental  and  .Australasian 
genus  Nifia,  which  some  writers  elftHs  with 
the  Palms  and  other?,  with  the  Pandana<x<r. 
There  is  considerable  doubt  whether  the  small 
family  CyiUinlhactic,  of  tropical  America,  i.s 
represented  in  a  fossil  state,  bul  fragmentary 
Icnve.s  from  the  Lower  Eocene  of  Si^£a.nne 
have  been  described  as  Ludoviopit!,  from  theit 
^uppoaed  leseinbiancc  to  those  of  I^dtmrn. 
The  well-known  Paadaniuea,  or  Screw-pines, 
arc  trees  or  shrubs  with  lung  simple  inibri' 
cated  leaves,  usually  opined  on  the  edge-«  and 
back,  and  unisexual  01  polygnmoui  flowers, 
without  perianth,  and  covering  the  whole  of 
the  spadix;  the  fruit  being  in  the  form  of 
drupes  with  single  seeds,  or  berries  with  numerous  seeds.  .Ml  the 
livinji  forms  are  tropical,  Leaves  from  the  Tertiar)-  and  Upper 
Cretaceous  of  Europe  have  been  referred  to  Panditnus  ;  but  it  is  a 
question  whether  at  least  some  of  these  do  not  indicate  a  distinct 
genus.  In  the  Cretaceous  and  Jura*»ir  of  Europe,  entending  as  far 
north  as  Greenland,  there  occur  fruits  to  which  the  name  ^aidaear- 
fium^  has  W'cn  applied,  and  which  are  regarded  by  their  de-icriber, 
Mr  Carruthcrs,  as  undoubtedly  Pand:»n.iceous,  although  l>r  Schenk 
Ls  not  absolutely  satisfied  of  llie  cornttness  of  this  reference.  The 
fruit  consists  of  a  thick  spadix,  with  bunehes  of  drupes,  each  of  which 
contains  a  single  seed  ;  the  whole  arran^^ncnt  being  strikingly  like 
that  of  the  existing  Sussta.  Padocarya  is  an  apparently  allied  fntil 
from  the  Inferior  Oolite  ;  and  some  authorities  regard  WilUamsonta 
(p.  1 598)  as  related  to  this  genus,  (iom\>lini},  from  the  Kimeridj;ian 
snd  Corallian  of  France,  is  founded  on  compound  fruits  which  are 
cvmpiiied  by  Mr  Gardner  to  those  of  Pandaaut,  and  of  wliieli  the 
description  ia  as  follows  : — 

"Small  ovrnd  aj;ti regaled  fruits,  like  those  of  Pandantis,  home  on  a 
naked,  cylindrical,  and  relaitvely  slender  petiole,  Tlie  tie;tcls  of  the  verj' 
niimerouft  fruitf.  are  arranged  in  spirals  and  regular,  presdcd  together, 
and  barely  a  milliaietrc  .icross.  They  are  of  hexa^ronal  sliape,  !ind  six 
keels  extend  from  the  angles  and  meet  in  a  raised  point  at  the  tentre. 
The  interior  axis  is  cyUndrital,  and  itnpresued  by  scars  made  by  the 
liasw  of  the  fruits,  compteiinj;  its  likeneth  to  Pamianut" 
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The  rccd-lilcc  plants  of  the  family  Typhaeta  occur  throuKBouT 
Tertiary,  where  we  have  Typha  (Kced-raace)  or  ihe  allied  Typha*- 
impurn,  and  Sparxaniurn,  although  it  b  doubtful  if  the  Ctctaceous 
pUnis  refcrted  to  these  genera  are  rightly  named.  I'he  Aratae 
(Arums  and  their  allies)  appear  to  date  from  the  Upper  Cretaccouii 
although  it  is  extremety  uncertain  if  the  Tertiary  plants  describol 
as  An'Uei  and  Aronitef  really  belong  to  this  family.  Aforus  (Sweci- 
Aag)  occurs  iii  the  Miocene  of  Spitzhcrgcn,  and  is  also  found  id 
amber;  and  Ih'siia,  a  tropical  water-weed  allied  to  the  eomnMO 
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Duckweed  {l^mnit),  occurs  in  the  Laramie  beds  of  America  ind 
the  Upper  CTcticeuuH  of  the  Continent ;  but  the  plants  from  the 
Westphaliiin  Chalk  and  the  I^ramie  beds,  described  ai  PisliUs  and 
Ijemnophylliiiiiy  according  to  Dr  Schcnk,  arc  Dot  Monocotyledons. 
Ijtmmi  has  been  described  from  the  I-ir.-imie  and  Middle  Terwrr 
of  Noith  .Vniunca,  atid  aUo  from  the  Miocene  of  Wunanbcts- 
Patkadles,  of  the  Carboniferous,  which  has  been  referred  to  this 
family,  is  part  of  a  Sigillarian.  In  the  aquatic  Xata^oinx  we  hm 
remains  of  the  Huviatile  genera  P0iidt>ma  and  the  marine  /ostm 
{Zi^iteriles)  dating  from  the  Upper  Cretaceous  of  both  the  castem 
and  western  hemispheres.  Cymodoaa  may  also  date  back  to  the 
Eocene,  although  many  of  the  forms  described  under  its  ayra»i)in 
of  Cauiinites  are  totally  different.  Natas  occur>  ccnainly  in  the 
Miocene  of  CEningen,  and  perhaps  in  lower  beds ;  while  Pi>i*mi- 
j^fon  {Pond-wccd),  with  its  dimorphic  leaves,  dates  from  the 
Upper  Eocene  of  Aiv,  and  is  also  found  in  the  Tertiaries  of  North 
America. 

(Jkdkr  4.  CixMiFixiR.F. — 'This  order  includes  the  Grasaft, 
Sedges,  &c.,  and  is  of  but  little  importance  to  the  palxontolofisi. 
In  the  Gramiwa,  exclu»iive  of  some  vcrf  doubtful  forms,  we  may 
notice  that  Jiam^usa  (Bamboo)  occurs  in  the  PliocctK  of  Europe; 


but  that  the  so -called  BambHsinm  is  probably  Equisctaccous. 
Arunda  '.uid  tlie  allied  fhragmiies  are  staled  lo  make  their  first 
appearance  in  the  Upper  Crctaccou^;  of  both  hemispheres ;  while 
PsfHdophragmUti  and  AruHditts.  dating  from  the  Eocene,  are  more 
or  less  closely  allied  extinct  types.  In  the  Cyp<ra<t(t  (SedgCK) 
numcious  fossil  Tcniary  plants  have  been  described  as  Cartx, 
CyfvtHS,  Cy/^ritesr  and  Stir/>tis,  the  former  being  also  recorded 
from  the  I^nmie  ;  but  all  these  determinations  aie  exceedingly 
doubtful,  and  it  can  only  be  staled  with  certainty  that  Cy/trns 
occurs  ill  the  Qiningen  Sliocene. 

Order  j-  Scitaminkje. — The  [wst  history  of  this  large  tropical 
order  is  ocn  more  imperfect  than  that  of  the  last.  In  the  Musacea 
(Plantain)  large  leaves,  from  the  Eocene  and  higher  Tcrtiaries,  have 
been  described  under  the  names  of  MHsaphyilum  di  Mhsq,  but  l)r 
Schenlt  suggests  that  some  at  least  of  these  may  lx.'loiig  lo  the 
Aracea.  Under  the  ruiTiic  of  7Jttj:ib€rites  impcrfcrt  leaves,  from 
the  U))per  Cretaceous  of  (ireenlnnd  and  the  Swiss  Teniary,  have 
been  rt^arded  as  indicating  fossil  HtHgUtraeea: ;  and  a  similar  posi- 
tion has  been  given  lo  Amomotarffuin  and  Amomophyllum  of  the 
Upper  Eocene  of  Paris.  Finally,  CannophylliUst  of  the  latter  beds, 
has  been  considered  as  an  ally  of  the  exis-ting  Canna  among  the 
Maranlaait. 

OkuiiH  6.  ClYMANUit*. — 'flie  only  fossiU  hitherto  referred  to  the 
Orchids  are  the  Protonhis  and  Palaonhh,  of  the  Middle  Eocene  of 
Monte  Uoica :  and  it  is  probable  that  the  greater  number  of  these 
plants,  with  their  highly  specialised  and  complexly  pcrianthed  flowers, 
arc  of  comparatively  recent  origin. 

Ori>er  7.  Helodl*. — The  last  order  comprises  aquatic  and 
marsh  planut  which  date  back  to  the  Upper  Cretaceous.  Laharpia, 
from  the  Miocene  of  OEningen,  may  perhaps  indicate  a  member  of 
ihe yungagiHatxte  allied  to  the  existing  Seheuchscna.  \n  the  Alls- 
maeea  some  of  the  forms,  occurring  from  the  Cretaceous  upwards, 
referred  to  Afisma  and  ^gitiaria,  may  be  correctly  named.  Bulomus 
has  been  recorded  from  the  Miocene  of  tEningen.  Of  the  Hydro- 
(AarittKcir,  Siratiotes  and  //ydracharis  have  been  described  from 
tEningen,  and  the  extinct  Hydrocharitti  from  the  Miocene  of  Bonn ; 
while  Vaiiiittria  and  Otielia  date  from  the  Upper  Eocene  of  the 
Paris  4MU.in  in  Europe,  but  the  former  also  occurs  in  the  Laramie  of 
America,  and  thus  carries  back  its  oiigin  lo  the  Cretaceous. 

SUBcr^ss  11.  Dico'nL.K, — The  I Ji cotyledons  are  plants  h.iving 
tiro  cotyledons  or  seed-leaves,  and  the  sterns  exogenous  like  those 
of  the  (JymnospcrmN.  They  repTeseni  the  highest  type  of  plant- 
life,  their  organisation  being  a  great  step  in  advance  of  tbu  Mono- 
cotyledons, The  earliest  known  members  of  this  group  occur  in 
the  reputed  I-ower  Cretaceous  of  titeenland,  where,  howcNw,  iat^-^  ^ 
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few  forms  are  known ;  but  when  we  come  to  the  Dakota  stage  of 
the  United  States,  which  is  usually  correlated  with  the  lower  part  of 
the  Upper  Cretaceous  of  Europe,  Dicotyledons  formed  a  large  pro- 
portion of  the  flora,  more  than  three  hundred  species  having  been 
described  in  1885,  which  belong  to  both  sections  of  the  sub- 
class. This  abundance  of  forms  pointing  to  the  conclusion  that 
the  origin  of  Dicotyledons  must  be  looked  for  in  considerably 
earlier  epochs- 
Very  different  views  are  held  by  authorities  as  to  the  classification 
of  Dicotyledons,  some  dividing  them  into  several  primary  groups, 
while  others  only  admit  the  three  divisions  Apetalae,  PolypetalEe,  and 
Gamopetalae.  Dr  Endlicher,  however,  makes  only  two  divisions — 
Choripetalx  and  Sympetalje, — and  since  this  arrangement  is  adopted 
by  Dr  Schenk  in  his  '  PaIseophytol<^e,'  it  will  be  followed  in  this 
work. 

The  larger  proportion  of  the  Cretaceous  and  Eocene  Dicotyledons 
belong  to  the  Choripetalfe,  and  especially  to  those  orders  in  which 
the  flowers  are  fertilised  merely  by  the  agency  of  the  wind ;  the 
more  specialised  Sympetalie,  which  require  the  aid  of  insects  for 
this  purpose  being  in  great  part  of  later  date.  The  labours  of  Baron 
von  Ettingshausen  have  shown  that  the  Cretaceous  and  early  Ter- 
tiary Dicotyledonous  (and  also  the  Monocotyledonous  and  Gymno- 
spermous)  flora  was  almost  similar  throughout  the  world  ;  and  that 
its  present  division  into  provinces  is  in  great  part  due  to  the  influ- 
ence of  one  or  more  glacial  periods.  Bearing  in  mind  this  world- 
wide distribution  of  so  many  of  the  genera,  it  will  be  unnecessar)-  in 
most  cases  to  do  more  than  mention  their  earliest  established  occur- 
rence ;  and  owing  to  the  immense  number  of  families  only  the  more 
important  types  can  be  even  mentioned  at  all.  Space  will  not 
permit  any  reference  to  the  gradual  differentiation  of  the  existing 
floras,  or  to  the  interesting  distribution  of  modern  arctic  types  in 
the  Pleistocene,  for  which  the  reader  must  refer  to  the  works  of 
Baron  von  Ettingshausen,  Sir  J.  W.  Dawson,  and  other  writers. 
It  should  be  mentioned  that  in  the  case  of  trees  known  only  by 
the  leaves  the  generic  determination  may  be  open  to  doubt  in 
some  cases. 

Division  A.  Choripetai^. — This  large  group  is  characterised  by 
the  petals  being  either  absent,  or  if  present  not  united  together. 

Order  i.  Amentace^. — This  order  comprises  trees  which  are 
typically  apetalous  with  the  male  flowers  in  the  form  of  catkins. 
It  includes  five  families,  and  comprises  some  of  the  earliest  known 
representatives  of  the  subclass.  The  first  family,  Casuarinidte,  is 
now  represented  only  by  the  well-known  Casuarina  of  the  Australian 
and  the  eastern  Malayan  regions  :  this  genus  apparently  occurs  in  the 
Lower  Tertiary  of  Sumatra,  but  it  is  very  improbable  that  the  Euro- 
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pean  fossils  described  under  Uiis  name  are  really  referable  to  ihc 
groujx  With  the  CupuUftra.  containing  tlic  Aiders,  Birches,  Hazels, 
Beeches,  Oaks,  &c.,  wc  tome  to  a  large  group  well  represented  in  a 
Ibesil  stAIe,  man^  of  the  fornui  being  known  by  the  seeds  s&  well  as 
the  leaves.  The  existing  genera  A/nut  (Alder),  .-ind  Betula  (Birch), 
are  recoided  ftom   the  l.araniie   and   DnkoLi  stages  of  the  Upper 


FiK>  \^if-—\jHJ  of  Ainu  ffnttiJis  ;  from 
iblMUKi 


I  of  Europe. 


OUlcr  Un 


ngar.J 


and  mill  ofB.  ^ryndtrnt;  Imin  ilw  Lsnr 
SaixnaaiH]  Urunjiniin.) 


CreUtceous  of  the  United  Slates,  and  likvM-isc  from  the  Cretaceous 
of  Greenland,  but  Ur  Schenk  suggests  some  doubt  as  to  whether 
the«e  formit  really  belong  to  the  living  genera,  and  would  prefer  to 
call  them  AinophyilHW  and  BitHlcphyllum.  An  allied  Cretireous 
fomi  liis  been  named  Atnilts.  In  the  Tertiary  the  existing  geneia 
(figs.  1407,  1408}  arc  well  represented  from  the  Kocene  upwards. 
^_Jn  the  next  suligroup  Corylus  (Erazel)^  Os(rya,  and  Carpimu  (Horn- 

I  ■ 


Rcdacad. 


beam)  al«o  occur  from  the  Eocene,  while  the  former  is  recorded 
from  the  Laramie.  Ftigui  (Beech)  dates  from  the  Dakota  stage, 
which  has  also  yielded  remains  referred  to  CaUama  (Chestnut) ;  and 
Castanepsis  hfts  been  recorded  from  the  .■Vnieiican  Eocene,  and  the 
Australian  Tertiary,  although  it  is  suggested  that  some  of  tlie  forms 
50  named  may  belong  to  Dryffpkyllum.     The  latter  na.n\c  '\i,  v^-^\'i^ 
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Fi|[.  1410. — Leaf  of  Querela 
eait/ierta.  Rccenu  Reduced' 
<Aftet  Schenk.) 


to  elongated  leaves  (fig.  1409),  from  the  Upper  Cretaceous  and 
Eocene  of  both  Europe  and  North  America,  which  appear  to  be  in 
some  respects  intermediate  between  those  of 
Castano/sis  and  the  earUer  species  of  Oaks. 
The  leaves  of  Quercus  (Oak)  are  subject  to 
an  enormous  amount  of  variation,  rendering 
the  determination  of  fossil  forms  a  work  of 
extraordinary  difficulty.     One  of  the  most 
ordinary  and  characteristic  types  of  leaf  is 
shown  in  fig.  14 10,  but  in  the  early  Ter- 
tiary and  Upper  Cretaceous  we  meet  with 
long  slender  oak-leaves  approximating  to 
those  of  Castanea  in  general  contour.     The 
earliest  recorded  occurrence  of  the  genus 
is  in  the  Dakota  stage,  and  it  is  abundant- 
ly represented  throughout  the  Tertiaries ; 
leaves,   from   the   Tertiary  of  Australia,  in 
which  country   oaks  are  now  absent,  have 
been  described  as  Quercus,  but  doubt  has  been  thrown  on  this 
determination.     In   the  Jughndaeem,   the  genus  fugiaru  (Walnut) 
probably  dates  from  the  Upper  Cretaceous  of  America  and  Green- 
land ;    the  Tertiary  species  of 
which  a  leaf  is  figured  in  the 
woodcut  occurs  on  both  sides 
of  the  Atlantic,  and  appears  to 
be  closely  allied  to  the  existing 
_/,  regia.     The  name  Juglani- 
ites  has  been  applied  to  leaves 
from  the  Upper  Cretaceous  and 
Eocene  of  Europe,  which  are 
believed   to  indicate   an  allied 
type.     Carya  (Hickory),  now  confined  to  America,  is  recorded  from 
the  Cretaceous  of  that  country,  and  occurs  in  both  the  European 
and  American  Tertiaries.     Similarly  the  Old  World  Pterocarya  is 
represented  in  the  Tertiaries  of  both  hemispheres,  while  the  Oriental 
genus  Engelhardtia  occurs  in  the  Upper  Eocene  of  Aix,  where  it 
has  been  described  as  Palaocarya.     In  the  Myricacete  the  single 
genus  Myrka  makes  its  first  appearance  in  the  Upper  Cretaceous 
of  Greenland  and  North  America,  and  is  common  in  the  Tertiaries. 
Of  more  palEontological  importance  is  the  family  Salieacea^  in  which 
both  Populus  (Poplar)  and  Salix  (Willow),  (fig.  1415,  d\  date  from 
the  Upper  Cretaceous.     A  leaf  from  beds  at  Komi  in  Greenland, 
which  have  been  regarded  as  Ixjwer  Cretaceous,  has,  indeed,  been 
described  as  Populus,  but  according  to  Mr  J.  S.  Gardner  on  totally 
insufficient  grounds;  but  Sir  J.  W.  Dawson  considers  that  Salix 
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the    Miocene 
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may  occur  in  the  Lower  Cretaceous  of  the  United  States.     The 
species  of  Populm  of  which  a  leaf  is  figured  in  the  woodcut  tx- 
tendK  fiom  the  Lower  Miocene  to  the 
Pliocene. 

Okdkr  2.  Urticin*. — This  order 
contains  the  three  families  U/mitfetr, 
l/rlUiteott  and  Ctralophyiea  :  ihc  last 
of  which  refiuires  no  further  mention. 
Ill  ihi:  firat  family  Ulmus  (Elm)  makes 
lis  firs!  undouliied  nppearanre  in  the 
Upper  Eocene  (l-,ower  Oligocene)  of 
Aix,  in  Provence,  but  the  Asialic  and 
American  Pianera  dates  from  the  La- 
ramie <'Tetaccous,  nnd  is  common  in 
tbc  European  Tertiary.  Ce/tis  (Nct- 
tle-trce),  now   abundant  in   southern 

Europe,  is  well  represented  throu).'hout  the  Continental  Miocene ; 
while  Morus  (Mulberry)  xs.  unknown  liefore  ihe  Upper  Miocene. 
The  tropical  Arttvar/ms  (Bread-fruit)  dales  from  the  Upper  Creta- 
ceous of  Greenland,  and  also  orrurs  in  the  CEningen  Miocene  ;  and 
it  is  probable  thai  some  of  the  forms  from  the  Lower  Eocene  and 
Miocene  of  Europe  described  under  the  names  Artiocarpidium  and 
Arficiarfoides  are  allied  types,  although  others  belong  to  Fum. 
The  latter  genus  includes  the  numerous  species  of  Fig  mattly 
characteristic  of  the  warmer  regions;  it  dates  from  Ihc  Greenland 
Cretaceous  and  the  I^ramie,  and  is  abundant  in  the  Tcrtiaric*  of 
many  parts  of  the  globe.  The  names  Fieomum  and  Ih-eiofian  have 
Iwcn  applied  to  fig-tike  leave*  from  the  Koccnc,  some  of  which  may 
belong  to  tliii;  family.  In  the  Vrtkaettt  it  has  been  considered  that 
Urti<a  (Nettle)  occurs  in  the  Middle  Miocene  of  Styria,  but  this 
requires  confirmation.  That  the  family  occurred  in  the  Tertiary  is, 
however,  proved  by  the  genus  Forskahifanlkemum,  which  is  found 
in  amber,  and  is  allied  10  the  existing  irojjical  and  subtropical 
genus  Ftfrskohlea.  Here  may  be  mentioned  certain  genera  of 
urKertain  affinity  which  are  considered  by  Dr  Schenk  to  be  allied  to 
the  Urtitacta,  although  Sir  J.  \V,  Dawson  would  place  them  near  the 
Flatanaaa ;  these  comprise  the  Ujipcr  Cretaceous  Crtdntria  and 
Fltini^ihausia  from  Europe ;  Maulinlotkia,  with  more  elongated 
le-aves,  from  both  ihe  Cretaceous  and  Eocene ;  and  Protopkyllum 
of  the  American  Cretaceous,  which  is  considered  by  Dr  Schenk  to 
.be  allied  to  the  existing  Uriicareous  genus  LaporUa. 

Order  3.  Piperine^.— In  this  group  Piptr  (Pepper)  and  allied 
%  described  as  Piptrifti  occur  in  the  Ixjwer  Tertiary  of  Java 
and  Sumatra ;  the  existing  forms  being  now  tropical. 

Ordkr  4.  Ckntrospkkm*. — This  large  order,  which  mcXuAirs  *\t 
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Pinks  and  Portulacas,  is  very  sparingly  represented  in  a  fossil  state, 
but  we  may  mention  that  Poiygonum,  Coccolabis,  and  Saisola  occur 
in  the  European  Miocene ;  while  Pisonia  is  found  in  the  Middle 
Tertiaries  of  both  Europe  and  North  America. 

Order  5.  Polycarpie^ — Of  the  nine  families  constituting  this 
order  only  the  tauracea,  Nymphacuxte,  and  Magnoliacea  are  of 
much  importance  to  the  paUeontologisL  In  the 
Lauratea  the  existing  genera  Lattrus  (Laurel), 
Sassafras  {fi%.  1415,  a)  Cinnamemum  (CinnamoTiy 
fig.  1413},  /'(frj^a  (Alligator-pear,  fig.  1414),  and 
Oreodaphne,  occur  in  the  Upper  Cretaceous  of 
Europe  or  the  United  States,  and  throughout  the 
greater  part  of  the  Tertiaries.  With  the  excep- 
tion of  Latirus  all  these  genera  are  now  tropial 
or  subtropical,  Persea  and  Oreodaphne  being  re- 
stricted to  America ;  and  their  abundance  in  the 
Eivopean  Teriiaries  affords  conclusive  proof  of 
the  warm  climate  of  that  epoch.  CinMamomum 
also  occurs  in  the  Tertiary  of  Australia,  and  Litsaa 
in  that  of  Borneo.  In  the  Berberidacea  the  type 
genus  Berberis  (Berberry)  dates  from  the  Lower 
Miocene ;  but  with  the  Menispermacea  we  return 
to  a  family  dating  from  the  Cretaceous,  where  it  is  represented  in 
the  United  States  by  the  extinct  Menispermites.  Cocculus,  of  the 
Oriental  region,  is  found  in  the  European  Pliocene,  and  has  also 
been  recorded  from  the  Eocene,  but  the  latter  determination  is 
doubtful.  Leaving  out  some  other  unimportant  types  we  may  pass 
to  the  family  Magnoliacea,  which  has  a  palxontological  histor)'  of 


Fig.  Mij.— Oi 
mum  ^jrtnBrphum.  a, 
Luf :  t.  Flower ;  rrom 
Ihc  Upper  Miocene  oC 
Europe.     Reduced. 


Fig.  Hit-— Ltat  of  Penia/n'iiaf I ;  from  the  Upper  Miocene  of  Switnrland.     Reduced. 

(ATcei  Heer.) 


considerable  interest.  The  type  genus  Magnolia,  so  well  known  for 
its  magnificent  white  flowers,  is  now  confined  to  Asia  and  North 
America,  but  in  the  Tertiary  was  spread  over  all  Europe,  and  has 
also  been  recorded  from  Australia  ;  its  earliest  appearance  being  in 
the  Upper  Cretaceous  of  France  and  the  United  States.  The  other 
well-known  genus  is  Liriodendron,  now  represented  only  by  the 
handsome  Tulip-tree  (Z.  tulipifera)  of  eastern  America,  but  in  former 
times  having  a  wide  distribution,  and  dating  from  the  Cretaceous  of 
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both  hemispheres.     The  leavx-s  (Rg.  1415,  /)  arc  rcsdily  rccojniMd 
by  ihcir  [yrc-Iikc  forra  and  deep  terminal  citiargination. 

The  obicnntions  of  Dt  Npwbcrr>-  on  this  genus  are  so  iniereslinf 
thai,  with  ^omc  omissions  and  vi-rbjil  alti-ralions.  ihcy  may  be  (juoicd  at 
lenjcth,  rh(^(li>cloro)>scrvvs,"lh3inpliint  soKpIcndtd  should  stand  alono 
in  ih«  ve|(eiatioTi  of  the  prcteni  day  excited  ilic  wonder  of  the  earlier 
I  botanisis,  but  the  Sasajifras,  Swi^ei-((uin,  and  the  Sequoias  of  the  West 
afford  similar  examples  of  isolation.  Three  species  of  Lirituftmiran 
occur  in  (he  Cretaceous  of  New  Jersey,  and  others  have  been  obtained 
from  the  Dakota  ijroup  in  the  West,  and  from  the  Upficr  Cretaceous  of 


/J 


Linr^iKtrvH  Unki;  i.  l.rt^mmtuUi  Manrttiata :  k,  iaiij  ilitki.    (Afifr  flinm  and  Lt>- 


Cicentand.  Tliouch  dtfieiin),'  considerably  among  tlicmsclv-cs  in  site 
and  form,  all  tlicsc  have  the  deep  &inu6  uf  the  upper  e&ticmiiy  of  the 
leaves  so  characteristic  of  ihc  gcnusi  and  the  vcnauon  is  abo  c&scnlially 
the  same.  Hence  we  must  conclude  that  the  ^nus,  now  represented  br 
a  sinKle  species,  was  in  the  Crctaccau.t  age  much  more  largely  dc«  eloped, 
havinK  many  s^icciea,  s,n^  those  scattered  over  many  lands.  In  the 
Tcniary  ihc  kcriu  coEilinucd  to  exist,  but  the  tiucciei  nccin  to  have  hecn 
reduced  10  otic,  which  is  hardly  to  be  di&tin^uisxicd  from  that  now  iivin)j. 
In  many  pans  of  Europe  leaves  of  the  lulip-trec  have  been  foundj  and  it 
extended  as  far  south  as  Italy.    Three  European  species  hoN^itA^i&v 


IS50 


PHANEROGAMS. 


been  described,  but  they  are  all  so  like  the  living  form  that  they  should 
probably  be  united  with  it  We  here  have  a  striking  illustration  of  the 
wide  distribution  of  a  species  which  has  retained  its  characters  both  of 
fruit  and  leaf  quite  unchanged  through  long  migrations  and  an  enormous 
lapse  of  time.  In  Europe  the  tulip-tree,  like  many  of  its  American 
associates,  seems  to  have  been  destroyed  by  the  cold  of  the  facial 
period,  the  Mediterranean  cutting  off  its  retreat ;  but  in  America  it 
migrated  southward,  and  returned  northward  with  the  amelioration  of 
the  climate.'" 

The  mainly  tropical  family  of  the  Anonaeea  includes  trees  and 
shrubs  closely  allied  to  the  Magnolias,  and  the  existing  American 
and  Malayan  genus  Anona  is  represented  in  the  Upper  Cretaceous 
and  Tertiary  of  the  United  States,  while  in  Europe  it  is  found  from 
the  Eocene  to  the  Pliocene,  The  extra-tropical  North  American 
genus  Asimina  occurs  in  the  Laramie  and  Eocene  of  the  same 
regions.  The  large  family  of  the  Jianunaiiatea  is  sparingly  repre- 
sented in  a  fossil  state ;  thus  Clematis  has  been  recorded  from  the 
reputed  Pliocene  of  Japan,  the  Miocene  of  (Eningen,  and  the 
Eocene  of  Croatia,  but  it  is  not  absolutely  certain  that  the  deter- 
mination is  correct.  The  same  remark  applies  to  other  Tertiary' 
plants  referred  to  Jianuneu/us  and  Jlel/eborus  (Helleborites\  The 
names  Dewalquea  and  Debea  have  been  applied  to  Upper  Cretaceous 
plants  considered  to  belong  to  this  family,  although  Dr  Schenk 
suggests  affinity  with  the  Aroidea.     The  Water-lilies  of  the  family 

Nymphaaaa  date  from  the  Upper  Creta- 
ceous, where  we  meet  with  remains  of 
the  existing  genus  Nelumbium,  succeeded 
in   the    Upper   Eocene   (Oligocene)  by 
Nymphaa  (fig,    1416).     Seeds  from  the 
Miocene  of  Germany,  described  as  Holo- 
pleura,   are   considered   to  be   allied  to 
those  of  the  celebrated    Victoria,  of  the 
African     lakes.       Other    Tertiary   tj-pes 
have    been    referred   to  extinct    genera 
under  the  names  of  Anactomeria,  Nym- 
phaites,   and    Carpoiithes.      Finally,   the 
genus  Nuphar  is  unknown   before  the 
Norfolk  Forest-bed,  where  we  meet  with 
the  existing  Yellow  Water-lily. 
Order  6.  RhoEdin*:. — Of  the  /"a/atvrraflfti  (Poppies)  and  Crvd- 
fera,  constituting  this  order,  the  palseontological  history  is  almost  a 
blank,  although  a  few  Miocene  forms  have  been  referred  to  them. 
The  Crucijera  include  the  Cabbage  tribe. 

Order  7.  CistifloRjE. — This  order  is  of  somewhat  more  palaeon- 
tological  importance.  In  the  VioJaas  (Violets  and  Pansies),  An- 
ckietea  is  recorded  from  the  Miocene  of  Auvergne ;  while  in  the 


Fi(.  1416.— Under  lurface  of  a 
leaf  of  SetttmhiKm  Dtimnji ;  from 
iKb  Upper  Eocene  of  France.  One- 
eighlh  natural  siie.  (After  Saporla.) 


Cist<uea  (Rock-roses)  a  Cistus  has  liccn  described  from  that  of 
(iurroany.  A  Kig^laria,  from  the  Upper  Eocene  of  Savony,  is  the 
only  fo&sil  representative  of  the  Bixa<«e,  The  Itopkal  family  Tern- 
stramiaaa  '\%  somewhat  belter  known ;  thus  we  find  Ftntaphyhx 
in  amber  of  middle  Tertiary  age,  while  Stuartia  also  occurs  in 
amber  as  well  as  in  Pliocene  beds.  The  yenera  Ttrnslramia, 
J^vziera^  and  Satru/a  arc  known  as  fossils  only  by  their  leaves ; 
the  first  dating  from  the  Crctatieoiis  of  Buhtmia,  the  second  from 
the  Eocene,  and  the  third  fron»  the  Miocene,  Another  tropical 
family,  the  DifUcreairpat,  is  rqjrcsented  In  ihc  Eocene  of  Sumatra 
and  Borneo  by  spccicd  of  the  genus  Dipttrocarpus,  now  inhabiting 
the  same  regions,  and  yielding  the  halsam  of  Copaiha. 

Ordkr  8.  Cot.tr MNitF.H,*. — This  order  includes  ihc  four  families 
Tiliacea,  SteratJiacftr.  MtitvaM/,  and  liombitcetr.  In  the  first  the 
existing  genera  T^Jia  (Lime),  Grtivia,  and  Elancarpus  occur  fossil, 
the  former  duting  from  the  Laramie,  and  the  two  latter  from  the 
Upper  Eocene  or  Lower  Miocene.  Of  extinct  genera  we  may 
mention  the  Cretaceous  and  Lower  Eocene  Grtwiopsis  and  Ap<i- 
bopsit ;  the  fanner  being  known  by  leaves,  and  the  latter  by  gourd- 
like  fruits,  of  very  common  occurrt-ncc  in  the  Ixmdnn  Clay,  which 
resemble  those  of  the  existing  American  genus  Apeiha.  Nordftt- 
tkiatfJia  is  based  on  allied  fruils  from  the  Icrtiary  of  Spitzhcrgcn, 
llie  !iteraiiiaua  is  an  exclusively  tropical  family  of  trees  and 
shrubs,  in  which  the  cxii^lin};  genua 
S/ercufia  commences  in  [he  Da- 
kota Cretaceous,  and  continues 
right  th tough  the  European  Ter- 
tiAries.  Extinct  genera  ore  £hm- 
btyopsis,  Ptiroipermiies,  and  Fraea- 
sUlla^  alt  of  which  commence  in 
the  Cretaceous,  and  continue  to 
the  Lower  or  Middle  Tertiary. 
The  leaves  of  Dombtyapsi!  (fig. 
1417)  are  acutely  trilobate,  with 
numcrotts  veins,  '["he  Mah^acra 
and  Hombaaa  have  left  but  little 
record  of  their  past  history ;  but 
B»mbax  occurs  in  the  Upper  Eo- 
cene of  Europe. 

Ori>eh  9.  Cruinales. — The 
palKontology  of  this  order,  which 
includes  CJcraniums,  Trop.'eoliims, 
Sorcls,  Flax,  and  Kalsams,  may  be  summed  op  in  very  few  words.  It 
is  thought  that  Geranium  may  occur  in  amber ;  the  Tertiary  Oxaii' 
ditts  is  referred  to  ihc  Oxaiitiace4t ,  but  the  Tertiary  fruii.  di:iscnV«&. 


Tie.  141^.— Oniltr  nuAiM  oT  •   leaf  nt 
ccM  of  Gcmiany.     ODC-fourtb  PMiinl  tin^ 
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as  Unum  (flax)  is  of  very  doubtfiil  value  as  evidence  of  the  family 
Lincuxee. 

Order  io.  TEREBiNTHm*. — Of  the  families  constituting  this 
order,  several  are  very  imperfectly  known  before  the  present  epoch. 
In  the  Ruiacae  (Rue-worts)  the  genus  Xantlwxylon,  which  is  now 
mainly  tropical,  occurs  in  the  Upper  Eocene  and  Lower  Miocene 
of  Europe,  and  also  in  the  North  American  Tertiaries.  Puka 
appears  at  the  same  date,  but  persists  to  the  close  of  the  Miocene 
period.  With  regard  to  Protamyris,  from  the  Tertiary  of  Croatia, 
which  was  described  as  being  alUed  to  the  existing  Amyris,  there  is 
considerable  doubt  whether  it  really  belongs  to  this  family  at  aU. 
In  the  Simarubtuea  the  Indian  and  Chinese  genus  Ailanthus  was 
formerly  more  widely  spread,  being  found  in  Europe  from  the 
Upper  Eocene  to  the  Upper  Miocene.  There  is  some  doubt 
whether  the  plants  from  the  Middle  Eocene  of  Monte  Boica, 
referred  to  the  genus  Guajadtes,  are  really  representatives  of  the 
American  family  Zygophyllacea.  The  large  family  of  the  Antuar- 
diacea,  typically  represented  by  the  tropical  Anacardium  (Cashew- 
tree),  is  known  by  a  considerable  number  of  fossil  forms,  although 
there  is  some  doubt  as  to  whether  several  of  these  are  rightly  de- 
termined. From  the  Upper  Eocene  of  Provence  a  fruit  has  been 
referred  to  this  family  under  the  name  of  Trilotium.  PistaMa 
(Pistachio),  now  distributed  over  the  temperate  zone  of  the  northern 
hemisphere,  is  known  from  the  European  Upper  Eocene  and  Mio- 
cene ;  while  the  name  Anacardites  has  been  given  to  leaves  occur- 
ring from  the  Cretaceous  to  the  Miocene.  A  large  number  of 
species,  dating  from  the  Upper  Cretaceous  and  continuing  through 
the  TertiarifS  of  both  Europe  and  America,  have  been  referred  to 
Rhus  (Sumach),  but  it  is  probable  that  some  of  these  belong  to 
other  plants.  Of  the  other  families,  it  will  suffice  to  say  that  in 
the  Coriariaceie  the  genus  Coriaria  occurs  from  the  Lower  Miocene 
to  the  Pliocene  of  Europe. 

Order  ii,  v^-sculin*. — In  this  order  the  family  Sapindaaa, 
with  the  exception  of  Kalreuieria,  StaphyUa,  and  j^sculus,  is  now 
confined  to  the  tropics,  and  includes  trees  of  large  size.  Fruits 
from  the  London  Clay  termed  Cupanoides,  and  others  from  the 
Miocene  of  Croatia  described  as  Cupanites,  are  believed  to  have 
belonged  to  snpindaceous  trees  allied  to  Cupania.  PauUinia  has 
been  recorded  from  the  Middle  Tertiaries  of  the  Continent,  while 
Kalreuteria  occurs  in  the  Upper  Miocene.  Fruits  from  the  Ter- 
tiary of  Eubsa  have  been  referred  to  Nepkelium,  while  an  imperfect 
leaf  from  Borneo  probably  belongs  to  the  same  genus.  Sapittdus, 
which  in  America  does  not  range  north  of  Texas,  is  abundantly  re- 
presented in  the  Upper  Cretaceous  and  Tertiaries  of  both  the  Old 
and  New  V\'orlds.  ^sculus  (Horse-chestnut)  has  been  recorded 
from  the  Laiam\e  \jedx,  but  vti  Europe  appears  to  be  unknown 
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before  the  Lower  Miocene,  although  said  to  be  abundant  in  the 
earlk'F  Tertiark's  of  Japan.  Dodonaa,  now  mainly  confined  lo  the 
50ulhi:rn  hemispheres,  b  found  in  the  'IVrliaries  of  Europe  and 
North  Amcricn.  Again,  Staf^y/ra,  wliioh  is  unknown  as  a  fo»JI  in 
Europe,  is  abundant  in  the  Eoci^nc  of  the 
United  States,  'ITic  genus  Acer  (Maple  and 
Sycamore),  now  widely  distributed,  i&  repre- 
sented by  a  peat  numher  of  fossil  s|«;cit-s 
fanning  from  the  l^arajnie  stage  upwardii.  The 
leaves  are  sulijeci  to  great  variation  in  form, 
the  most  remarkable  typett  occurring  in  the 
Pliocene  A.  pnlymorpha  ;  ihe  woodcut  shows 
•  leaf  of  the  more  ordinary  form  together  with 
one  of  the  characteristic  winded  tieedK. 

The  mainly  tropical  family  Maif^ighiaeea 
is  represented  in  the  Tertiary  from  the  Upper 
Eocene  to  the  higher  Mioctme  by  several 
cxistin};  genera,  such  as  StipHapkyllum, 
Banisltria,  Tetrap/erix,  and  Hima,  together 
with  the  extinct  Maipi^hiastrum,  ranging 
from  the  Eocene  to  the  Upper  Miocene  or  Pliocene ;  the  whole  of 
the  above-mentioned  existing  genera  being  now  confined  to  AmertDi. 

In  this  place  we  way  mention  ihe  family  Platanaeeat  which  is 
placed  by  some  writers  in  the  Aineniaceie  or  Urtictna^  but  of 
n-lueh  the  ovary  and  the  general  ap- 
pearance of  the  trees  bring  it  near  to 
the  Maples  and  Sycamores,  Of  the 
single  genus  Plalanui  (fig.  r4i9)  there 
is  now  on^  specit-s  in  .\sia  Minor  and 
another  in  North  America  ;  fossil  fonns 
occurring  as  low  doun  as  the  Dakota 
Cretaceous  and  continuing  through  tlie 
Tertiaries  of  both  hemispheres,  iheir 
last  appearance  in  Europe  being  in  the 
CEningen  Miocene. 

Okojkb  13.  KHAMGUMKie. — Among 
the  more  important  fossil  forms  found 
in  this  order  wc  may  mention  that  in 
the  Celastraaa  Euoiiomus  (Spindle- 
wood)  makes  its  first  known  appcirance  in  the  Miocene  by  forms 
allied  to  Indian  types;  while  Celastrus  dates  from  the  Cretaceous 
of  Grt'enland,  and  is  known  by  a  host  of  Tertiar)'  species.  The 
two  extinct  genera  Celiulrxiphyllitm  and  Cthuirinites  commence  in 
the  Upper  Cretaceous,  the  one  continuing  to  the  Pliocene  but  the 
other  unknown  above  the  Eocene.  Finally,  remain's  fton»  <nt 
Altocenc   of  Styria  have   been  referred  to   tbe  SouOa    •s.wvenciMx 
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genus  Maytenus.  Whether  the  HippocraUaaa  and  I^/tosporeaae 
occur  fossil  is  uncertain,  although  Tertiary  plants  from  Styria 
have  been  referred  to  Hippocratea  and  others  from  Provence  to 
Pittosporvm. 

In  the  Aquifoliatxa  the  genus  Hex,  typically  represented  by  the 
Holly,  is  abundantly  represented  throughout  the  Tertiaries,  and  is 
also  recorded  from  the  Cretaceous  of  both  hemispheres,  commencing 
in  the  Dakota  stage.  The  extensive  family  of  the  Shamnacea  has 
afforded  ample  proof  of  its  existence  in  earlier  periods  ;  thus  the  Old 
World  genus  Paliurui,  and  the  tropical  Zizypkus  (Jujube)  both  date 
from  the  Cretaceous  and  persist  in  Europe  till  the  Pliocene.  In 
the  Laramie  Cretaceous  and  the  European  Tertiary  we  have  the 
existing  American  genus  Berchtmia ;  while  other  plants  from  the 
Laramie  have  been  made  the  types  of  an  extinct  genus  RhammUs. 
Finally,  the  genus  Rhamnus  (Buckthorn),  mainly  characteristic  of 
the  northern  temperate  zone,  can  be  traced  back  to  the  Upper  Cre- 
taceous of  the  Old  and  New  Worlds.  The  last  family  of  this  order 
is  the  Vitaaa,  in  which  we  find  Cissui,  of  the  tropics,  recorded  from 
the  Miocene  of  Croatia  and  elsewhere ;  allied  Cretaceous  forms  de- 
scribed as  Cissiies  and  Chondrophyllum ;  while  ViHs  (Vine)  itself  is 
known  to  date  as  far  back  as  the  Laramie  Cretaceous. 

Order  13.  Tricocc*.  —  Of  this  order,  which  includes  the 
EuphorbiactiE  (Spurges),  Buxacea  (Box),  and  EmpetraatB,  the 
pal^ontological  history  is  almost  a  blank  ;  the  first  family  being  un- 
known in  a  fossil  state,  the  second  dating  from  the  Pliocene,  and 
the  third  from  the  Pleistocene. 

Order  14,  Umbelliklor*;. — The  occurrence  of  the  typical 
family  UmbelUfera,  of  which  Parsley  is  a  well-known  representative, 
in  a  fossil  state  is  doubtful,  but  the  other  two  families  are  commonly 
represenled.  Thus  in  the  Araliacea  Panax  occurs  in  the  Mio- 
cene, and  has  also  been  recorded  from  the  Upper  Cretaceous  ;  while 
Aralia  also  dates  from  the  same  epoch  and  was  abundant  in  the 
Eocene ;  and  Hedera  (Ivy)  is  first  known  from  the  early  period  of 
the  Dakota  stage.  Finally,  in  the  Cornacea  the  typical  genus  Comm 
(Cornel)  together  with  Nyssa  make  their  appearance  in  the  Upper 
Cretaceous. 

Orders  15,  Saxifr-^gin*;  16,  Opuntin*;  17,  Passi florin*.— 
Of  these  three  orders  the  second  is  totally  unknown  in  a  fossil  stale. 
while  the  only  trace  of  the  third  (Passion-flowers)  is  afforded  by 
some  exceedingly  doubtful  leaves  from  the  Oligocene.  In  the  first, 
however,  the  family  Hamamelidaaa  is  represented  in  the  Europeai) 
Miocene  by  species  of  the  existing  Asiatic  genus  Parrotia,  and  by 
the  extinct  Hamamelites  of  the  Lower  Eocene  of  Suzanne,  while 
Liquidambar  (Sweet-gum)  dates  from  the  Cretaceous  of  Europe  and 
the  United  States,  the  Cretaceous  species  having  the  leaves  with 
entire  margins. 
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ORnEK  18.  MvRTirijORjC. — In  the  Onograaa  ihc  well-known 
^ntis  Trapa  (Water-chesmut),  characierisfd  by  iu  peculiar  sjiiked 
fruits  and  now  cotittncd  to  the  Old  World,  makes  its  tintt  kjiunn 
appearance  in  the  Ijiramie  Cretaceous  of  the  United  Stales,  while 
in  Europe  it  dfttes  fioin  the  L'pprr  i-ktcene  (Lower  Uligocenc). 
Curiously  enough  T.  burralU  of  the  Tertiary  of  Alaska  and  the 
Laramie  stage  is  allied  to  the  existing  Oriental  T.  bttpinosa^  and 
not  to  the  four-spined  European  species ;  the  writer  h^x  seen  speci- 
mens from  the  Pliocene  Siwaliks  of  Perim  Island  which  prolwbly 
belong  to  T.  bisptmna.  The  family  Ualarhagidaaie  is  not  known 
before  the  Ptcistoccnc  ;  while  iScrc  is  only  very  doubtful  evidence 
as  to  the  occurrence  of  the  Camhrttacne,  Lythrariaua,  and  Melas- 
lomaua  in  a  fos§il  state,  although  plants  from  the  Eocene  of  Pro- 
vence have  been  lefcrred  to  Termina/ia  (Cffnibrttaita\  and  ihe  name 
MtiastomiUs  has  been  applied  lo  others  from  the  Westphaliar  Cre- 
taceous. In  the  A/yrtacoe,  however,  wc  have  a  large  number  of 
fossil  forms;  thus  Myrtus  (Myrtle)  riaies  from  the  Upper  Eocene  of 
Provence,  while  an  apparently  allied  Cretaceous  type  has  received 
the  name  of  MyrtopkyHum.  The  genus  Xfttreitdtroiy  which  includes 
several  climbing  species,  and  is  now  ctiaractcristic  of  the  Moluccas 
and  the  Australasian  region,  appears  to  be  represented  in  Europe 
from  the  Cretaceous  to  the  Miocene  ;  while  EH<alypiui  (Gum-tree), 
of  Australia,  occurs  in  the  Laramie  Cretaceous  and  the  European 
'I'ertiaries.  Finally,  CaUisttmophyUum  and  Lcptosptrmitts  are  ex- 
tinct European  Tertiary  types. 

Order  19.  'iMVMEi.iNiF.. — In  the  two  families  Thymtlaaeta  and 
Eltagnacta  [he  Australian  genus  Pimelea  has  liccn  recorded  from 
the  Lower  Tertiary  of  Europe  and  the  United  States,  while  Dapftnt 
is  common  in  the  Europe;m  Tcriiaries.  A  number  of  fossil  forms 
have  been  referred  10  the  large  family  Protean^,  but  since  nc  least 
in  Mime  cases  the  determinations  aie  doubtful  it  will  suffice  to  stale 
that  plants  dating  from  the  Eocene  have  been  referred  to  the  exist- 
ing genera  Dryandra,  Banksia,  KnigAHa,  Lomefia,  Grtvilira,  and 
Ptrsoonia ;  while  as  extinct  types  we  have  the  Cretaceous  Drya»- 
droiJfSy  and  the  Eocene  BanksUei,  Xnt'gM/es,  Embvlhriies,  Loma- 
fiUs,  &c. 

ORnER  30.  RosiFixJR^.. — This  important  order  is  not  well  repre- 
sented in  a  fossil  stale,  although  in  some  genera  a  considerable 
number  of  species  have  been  described.  In  the  Hoiatcie  the  genua 
J!i»a  (Rose)  appears  to  he  represented  hy  several  Miocene  species; 
while  among  the  Amy^daiaeta  Prunui  (Plum)  and  Amygdaiut 
(Almot»d)  certainly  date  from  the  Miocene,  and  are  perhaps  of  ear- 
Ucc  origin.  In  the  Pemaads  Pints  (Pear)  would  likewise  appear  to 
occur  in  the  Miocene,  but  the  North  American  Crettceous  plant 
referred  to  this  genus  is  probably  different ;  while  of  othw  Vf^^s 
Amtlianchifr  (Medlar)  has   been    recorded   fiom   ijic  Ta\\arj  sA 
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Europe  and  the  United  States  and  also  from  the  Laramie.  Coton- 
easier  dates  from  the  Ekx:ene  of  Provence,  and  Cratagus  (TTiom) 
from  the  Laramie. 

Order  21.  Leguminos.£. — The  large  and  well-known  order  of 
Leguminous  plants,  in  which  the  fruit  is  usually  in  the  form  of  a 
pod  or  legume,  in  which  the  seeds  are  placed,  is  divided  into  three 
families,  of  which  the  palasontological  history  is  still  imperfect.  In 
the  PapilioHcuea,  characterised  by  their  imbricate  papilionaceous 
petals,  leaves  from  the  Miocene  of  Croatia  have  been  referred  to  the 
Australian  genus  Gtutrolabium,  but  the  determination  is  very  doubt- 
ful ;  and  the  same  remark  applies  to  those  described  as  O^/oSium. 
Genista  (Broom)  has  been  recorded  from  the  Miocene  of  Germany ; 
Cytisus  from  several  European  Miocene  deposits ;  and  Trigonella, 
Indigofera  (Indigo),  and  Tephrosia  from  the  Upper  Miocene  of 
CEningen.  Robinia  apparently  dates  from  the  Lower  Miocene  of 
Germany ;  while  Colutea  occurs  at  CEningen,  and  is  also  recorded 
from  the  Cretaceous  of  America  and  Greenland ;  and  Erythina  is  re- 
presented in  the  Croatian  Miocene.  Passing  by  some  less  important 
forms  we  may  notice  that  Dalbergia,  now  mainly  confined  to  India, 
is  common  in  the  European  Tertiaries,  and  is  also  recorded  from 
the  Cretaceous ;  while  the  American  Drepanocarptts  occurs  in  the 
Eocene  of  Monte  Bolca,  the  Asiatic  Pterocarpus  in  the  Miocene, 
and  the  American  Piscidia  in  the  Miocene  of  Croatia.  Micropodium, 
Pkaswliies,  and  Ervites  are  extinct  types  from  the  Upper  Eocene  of 
Provence ;  Palaolobium,  of  the  European  Miocene,  being  also  es- 
tinct.  Finally,  Cercis  (Judas-tree),  now  represented  by  only  a  few 
species  in  the  northern  hemisphere,  of  which  one  occurs  in  southern 
Europe,  dates  from  the  Laramie  Cretaceous,  and  is  abundant  in  the 
Tertiaries.  In  the  Casalpiniacece  the  genus  GUditschia,  now  con- 
fined to  North  America  and  China,  occurs  in  the  European  Miocene, 
while  Casalpinia  dates  from  the  Eocene.  The  Upper  Eocene  of 
Provence  has  yielded  an  extinct  type  termed  Casalpimtes.  The 
widely  spread  tropical  and  subtropical  genus  Cassia  makes  its  first 
appearance  in  the  Cretaceous  of  both  hemispheres ;  Bauhinia 
occurs  in  the  Miocene  of  Croatia  and  CEningen ;  and  Ceratonia  and 
Capaifera  date  from  the  Eocene.  Hymentra,  of  tropical  America, 
is  found  in  the  Cretaceous  of  France  and  New  Jersey  ;  and  the  ex- 
tinct Podogonium  ranges  from  the  Laramie  Cretaceous  to  the 
CEningen  Miocene.  In  the  third  family,  or  Mimoiaace,  Prosopis 
and  Inga  are  described  from  the  Eocene  of  Eubsea ;  while  Mimosa 
and  Acada  date  from  the  Upper  Eocene  of  Provence.  In  conclu- 
sion we  have  to  mention  the  extinct  genus  Leguminosites  (fig.  1415, 
c),  ranging  from  the  Cretaceous  to  the  Miocene,  of  which  the  serial 
position  is  at  present  undetermined. 

Order  22.  Heterophvlle^. — With  this  order  we  come  to  the 
end  of  the  C\\OT\^xa.\«.     In  the  Aristoloekiaeta,  the  type  genus 
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Ariitohthia,  which  includes  climbing  plants,  usually  having  coloured 

pals,  (ialp*  from  the  Hakota  Cretaceous,  and  aUo  ocLurs  itt  the 
uropean  Miocene.  The  occurrence  of  fossil  representatives  of  Ihe 
Santit/tuea  is  open  to  some  doubl ;  but  remains  attribuictl  to  the 
genera  /^tom/ria,  Osyrtt-,  and  Santaium  have  been  described  from 
the  European  Eocene  and  Miocene.  The  alleged  occiUTcncc  of 
fossil  rt'HTCseniativcs  of  the  Raffltsiace*  and  Balan^phm^aa  is  too 
doubtful  to  need  mention. 

Division  B.  Svmpetai^. — With  this  second  primary*  division  of 
the  Oicoiylcdons  «c  reach  the  Ia,sl  and  most  specialised  group  of 
plants,  characterised  l>y  ihe  union  of  the  lower  part  of  the  petals 
into  a  complete  tulw.  These  plants  arc  dependent  entirely,  or  to 
a  ({Teat  extent,  upon  (he  aid  of  insects  for  their  fertilisation,  and  a 
lar^c  proportion  of  them  nn:  in  oil  probability  of  comparatively 
modern  origin.  The  ^roup  is  frequently  termed  GamopcialsCi  and 
is  divided  intt>  nine  orders. 

Obdkr  1.  BicoRKES. — The  family  Eritaaa  is  important  from 
the  effect  which  its  mossed  foliage  produces  upon  the  landscape  of 
many  regions  of  Ihe  globe.  Its  type  genus  Erua  (Heath),  which 
is  exclusively  Old  World,  and  very  characteristic  of  the  Cape,  ap- 
pears to  be  unknown  before  the  Upper  Miocene  of  (Eningen  ;  while 
Aitdromedit  and  I^motheit  date  from  the  Eocene.  Gtiutlhtria  has 
likewise  been  traced  back  to  the  Eocene,  in  which  period  occur  the 
extinct  types  described  as  Andromeditts  arid  Arbiitttes,  and  also  a 
species  referred  to  the  existing  genus  Arbuhu.  The  Rhododen- 
drons, which  some  writers  make  the  type  of  a  distinct  family,  are 
rcprwcnlcd  by  species  of  the  widely-spread  genus  Hhododendron  in 
the  Eocene  and  Miocene,  and  by  Auilen  in  the  Mioccn*  of  Croatia 
and  elsewhere.  In  the  Vaaimacta:,  the  type  genus  ruivzWvw  (Cran- 
berry) is  recorded  from  the  Upper  Eocene  of  Provence  and  higher 
deposits. 

Ori>er  1.  Priuitlin^. — In  this  order  the  subtropical  and  tropical 
genus  Myrsine,  the  ly^ic  of  the  fan:iily  Afyrsiniaaa,  i.s  said  to  date 
from  the  Upper  Cretaceous,  arid  is  well  represented  in  the  Eocene 
uf  Piuvenee  and  the  higher  Tcrtiories.  Myrtinitct  is  an  extinct 
Tertiary  type;  and  we  also  find  in  the  Tertiarj'  representati\-es  of 
Arditiat  and  some  other  fonns  of  doubtful  aftmity. 

Order  3,  Diospyrin-e. — Coriaceous  leaves,  found  in  the  Upper 
Cretaceous  of  (Greenland  and  the  United  States,  and  also  in  the 
Ix>wcr  and  Middle  Tertiaries,  have  been  described  under  tlie  name 
of  Sapolilts  as  being  allied  to  tlic  American  and  Australian  genus 
Sapota,  the  type  of  the  family  Sapottura.  Tbc  existing  American 
genus  Bumdiii  occurs  in  the  Green  River  Eocene  of  that  country, 
and  also  in  the  Eocene  of  Provence  and  other  Old  World  TeriiaTieg. 
Achras,  which  is  likewise  now  exclusively  American,  has  hech  At- 
scribed  from  the  Croatian  Miocene,     liv  ihe  Ehtnxuxa.  vVvt  %'cwia 
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Diospyros  (Ebony),  now  mainly  tropical,  is  represented  by  a  few 
species  in  the  Dakota  and  Greenland  Cretaceous,  is  very  abundant 
in  the  Upper  Eocene  of  Provence,  but  has  almost  disappeared  from 
Europe  in  the  Miocene.  Finally,  in  the  Styracaaa,  the  existing 
Asiatic  and  American  genus  Symplotos  dates  from  the  Lower  Ek>cene 
of  Europe. 

Order  4.  Contorts. — In  this  order  the  Gentianacem  (Gentians) 
are  unknown  before  the  Pleistocene.  In  the  Oleaeea,  which  in- 
cludes most  of  the  European  trees  belonging  to  the  present  division, 
Olea  (Olive)  makes  its  appearance  in  the  Eocene  of  Provence; 
while  the  Australian  genus  Notelaa  is  recorded  from  the  Eocene 
and  Miocene  of  the  Continent ;  and  Fraxinus  (Ash)  occurs  as  far 
back  as  the  Laramie  Cretaceous.  In  the  Apocyanaaa  we  may 
mention  Nerium,  from  the  European  Cretaceous  and  Tertiary,  and 
Tabernamontana,  from  the  Eocene  and  Miocene ;  together  with  the 
extinct  EfhUonium,  of  the  Eocene,  and  ApoeytwphyUum,  of  the  Cre- 
taceous and  Tertiary. 

Order  5.  Tubiflor*. — In  the  Convolvulacese  the  tropical  genus 
Parana  occurs  in  the  Upper  Miocene  of  CEningen,  and  the  some- 
what older  Tertiary  of  Croatia  ;  while  plants  from  the  upper  lignites 
of  Winterhafen  have  been  referred  to  Convolvulus.  It  is  very  doubt- 
ful if  the  Asptrifoliaaa  are  represented  in  a  fossil  condition,  while 
the  Solanaceee  (Night-shade,  Potato,  Tomato,  Tobacco,  &C.),  are 
unknown.^ 

Order  6.  Labiatiflor*. — The  only  family  of  this  order  of 
which  we  have  any  certain  palseontological  record  is  that  of  the 
Bignoniacea,  in  which  we  have  representatives  of  the  existing 
American  genus  Catalpa  in  the  Laramie  Cretaceous,  and  perhaps 
in  the  European  Tertiaries.  The  occurrence  of  Bignonia  in  the 
latter  is  very  doubtful. 

Order  7.  Campanulin*. — This  group,  containing  the  Cam- 
panulas, Gourds,  &c,,  seems  to  be  unknown  before  the  present 
epoch. 

Order  8.  RubiTn.*:. — In  this  order  l\itJiubiacea  are  repr,esented 
in  the  Miocene  of  Bonn  by  the  extinct  Rubiacites ;  and  we  have 
evidence  of  the  existence  of  the  handsome  Asiatic  and  African 
genus  Gardenia  in  the  Miocene  of  CEningen  and  the  Lower  Eocene 
of  the  Soissonais,  In  the  CaprifoUacea,  the  widely-spread  genus 
Viburnum  is  represented  by  a  number  of  species  in  the  Laramie 
Cretaceous,  and  less  commonly  in  the  Tertiaries.  The  Miocene  of 
CEningen  has  yielded  remains  of  Lonieera. 

Suborder  8.  Aggregate. — With  the  specialised  Composiia  we 
come  to  the  end  of  our  brief  survey  of  the  palieontological  histor)' 
of  the  Vegetable  Kingdom.     These  plants  are  characterised  by  the 

'  T\\e  'Eocene  Soliuiitei  does  not  belong  to  thU  fiunily. 


collection  of  the  small  separate  flowers  in  a  common  receptacle,  the 
peripheral  florets  being  inudified  into  strap-ltkc  rays  sunounding 
ihe  fertile  flowers  of  the  disk.  Ail  the  fossil  forms  have  be^n  re- 
ferred lO  extinct  genera,  aad  include  Parthemici  and  Cypselita,  of 
the  Upper  Eocene  of  Provence ;  Bidinlitts,  from  the  Upper  Miocene 
of  Qiningcn ;  IJyestriUs,  from  the  'rertiary  of  Priesen  ;  HUradttt, 
from  INvi-ence ;  and  SUp/u'dium,  from  the  Teniary  of  Chiavon, 
which  is  supposed  to  be  allied  lo  the  existing  SUfiAium. 

In  this  place  it  may  be  well  to  mention  cert^iin  floweni  from  the 
Amboy  Clays  of  New  Jersey — the  equivalents  of  the  Dakota  Creta- 
ceouS'^which  have  been  described  under  the  name  of  J'alxanlhtii, 
and  are  stated  lo  present  resemblances  to  those  of  the  Comp^iUit, 
Dr  Newbeny  observes,  however,  that  "  though  thasc  flowers  so 
much  resemble  those  of  the  Composite,  we  are  not  yet  warranted  in 
assening  that  such  is  ccruinly  their  character." 
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APPENDIX 


Mh  K.  VVetmerew  has  shown  (' (Jeol.  Mag.,'  May  1889)  thai 
rorrna  of  Girvamlla  {see  p.  117)  occur  abundantly  in  some  of  the 
Jurassic  limesloiies  of  Britain.  Mr  Welhered  has  also  made  the 
iTitcr<»ting  ob^ervatiun  that  the  Apheres  of  some  of  the  so-called 
"  pisolites  "  of  the  Jurassic  series  are  in  reality  formed  by  the  growth 
of  layers  of  Girvamila  round  a  central  nuelcus,  and  are,  therefore, 
not  of  the  nature  of  ordinary  oolitic  grains. 

Receptacuutid<e  (i>.  170). 

The  remarkable  fossils  which  are  grouped  together  under  the 
name  of  Rurptucudtida  have  recently  furmcd  the  subject  of  an 
important  investigation  by  Hcrr  RaufT  ('Zcitschr,  d.  Deulschen 
Geol.  Gcsellschaft,'  Bd.  XL.)  The  following  are  the  principal 
general  conclusions  at  which  this  observer  has  arrived : — 

1.  The  Rtctptaatiitida  are  spherical  or  pyriform  bodies  W'i'b  a 
central  closed  cavity,  the  supposed  basin-shaped  examples  being 
only  fragments  of  the  base. 

2.  Each  of  the  individual  spicular  elements  forming  the  wall  of 
the  body  is  composed  of  six  ports— viz.,  an  external  plate  of  an 
essentially  rhombic  forni,  four  diagonally  intersecting  tangential 
arms  which  lie  immediately  below  the  outer  plate,  and  a  radial  ami 
or  pillar  which  springs  from  the  centre  of  ihc  outer  plate  on  its  inner 
side,  and  is  directed  perpendicularly  inwards. 

3.  An  upper  and  lower  pole  may  be  distinguished,  otv  tic*  tvajcrwit 
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surface,  the  ammgement  of  the  plates  at  these  points  being  peculiar. 
The  basal  pole  (the  starting-point  of  growth)  is  constituted  by  a 
circle  of  eight  (or  four)  plates.  The  apical  pole  is  closed  by  a 
variable,  but  always  large,  number  of  plates. 

4.  Each  of  the  five  arms  of  the  skeletal  elements  or  spicules  is 
traversed  by  an  axial  canal,  the  canals  of  the  four  tangential  anns 
having  a  conspicuously  fusiform  shape. 

5.  The  radial  arms  or  pillars  terminate  on  the  inner  or  "  gastial " 
side  in  a  conical  dilatation,  which  is  laterally  extended  till  adjoining 
pillars  touch.  This  internal  thickening  of  the  radial  pillars  is  not 
furnished  with  a  special  plate,  corresponding  with  the  external  plate, 
and  is  not  penetrated  by  transverse  canals. 

6.  The  inner  or  "  gastral "  wall  of  the  fossil  is  imperforate,  the 
pores  described  by  Billings  being  the  result  of  fossilisation. 

7.  The  genus  IschadiUs  agrees  essentially  with  ReaptaaUiUi  in 
structure,  but  its  skeletal  elements  are  more  slender.  An  apical 
aperture  is  in  some  cases  clearly  wanting  in  Ischadites,  and  probably 
did  not  exist  at  all. 

8.  The  genus  Acanthockonia  is  identical  with  Ischadites. 

9.  The  geological  range  of  Ischadites  extends  to  the  Upper 
Devonian. 

10.  The  genus  Polygonospharites  {Spharospongia)  is  similarly 
constructed  to  Receptamlites  as  regards  the  tangentiai  arms  of  the 
spicules,  but  the  radial  arms  or  pillars  are  wanting. 

11.  The  Receptaculitida  are  not  siliceous  organisms,  but  the  skele- 
ton was  originally  calcareous,  and  the  siliceous  examples  are  the  re- 
sult of  silicification.  The  group,  therefore,  cannot  be  referred  to 
the  Hexactinellid  Sponges,  and  its  systematic  position  is  still  entirely 
uncertain. 

Mastopora  and  Cyclocrinus  (p.  186). 

In  the  memoir  just  referred  to,  Herr  Rauff  expresses  the  opinion 
that  the  genera  Mastopora  (Nidulites)  and  Cyclocrinus  have  no  rela- 
tionships with  the  Reapiaculitida,  but  that  they  appear  to  be  related 
to  the  Polyzoa. 

Calcispongi*  (p.  178). 

Some  interesting  discoveries  as  to  the  occurrence  of  Mesozoic 
Sponges  have  recently  been  made  by  Dr  George  J.  Hinde,  who  has 
been  good  enough  to  furnish  the  following  note  of  his  investigations 
on  this  point :  "  In  the  Middle  Lias  of  Northamptonshire  (zone  of 
Ammonites  spinatus)  some  very  minute  Calcisponges  have  been 
lately  discovered,  with  the  same  delicate  structural  characters  as  in 
the  existing  family  of  the  Leucones,  Haecltel,  and  they  have  even 
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been  placed  in  the  recent  genus  Leiuandra,  Hapckel.  The  largest  of 
these  fos-sii  sponges  is  under  4  mm.,  or  about  one-sixth  of  an  inch  in 
height,  and  the  spicules  in  iJieir  walls  are  as  perfect  as  in  recent 
gpeciniens.  A  remarkable  n<^semblfi^  of  Mnall  CalciEpongcs  has 
^o  been  discovered  by  Mr  Walford  in  the  Inferior  Oolite  (zone  of 
AmmoniUs  Parkinsoni)  of  Dorset  In  their  tliminutive  proportions 
they  resemble  living  CaJospOQgcs,  but  they  all  poiiscss  a  structure  of 
solid  fibres,  charaaeristic  of  Pharetrones.  They  mostly  belong  to 
the  genera  £uJea,  PfrvntUa,  Uliulima,  and  lo  a.  new  genua  not  yet 
descritKd.  Calcisponges  of  lat;ger  dimensions,  belonging  to  Perou- 
tUa  and  Lymnorea^  are  also  abundant  in  the  Inferior  Oolite  of 
Cheltenham.  Certain  zones  of  the  Great  Oolite  in  the  neighbour- 
hood of  Bath  are  ver>-  rich  in  Calcisponges,  principally  of  the  genus 
Ptrvru/la.  Higher  up  in  the  Oolitic  scries  there  is  a  well-marked 
lone  of  Calcisponges  in  the  Lower  Coral  Rag  of  Yorkshire-  Thcy 
have  mostly  been  hitherto  placed  in  SteHispongia  ;  species  oi  Per- 
otulla  and  Bfastinia  are  also  present" 

^  Strom ATOPO KOI DEA  (p.  S39). 

Since  the  earlier  portion  of  the  prcsciii  work  was  written,  the 
author  has  had  the  opportunity  of  studying  the  fasciculus  of  Dr 
Waagen's  Monograph  on  the  "  Salt  Range  Fossils,"  which  deals 
with  the  IlyJritsoa  ('  Pala:onlologia  Indica,'  Scr.  XII.,  No.  7,  1877), 
The  most  important  point  brought  out  in  this  memoir  is,  that  the 
"I*roductus  Limestone"  of  the  Salt  Range  of  India,  the  age  of 
which  is  Pernio- Carboniferous,  conLlins  various  Hydrozaa  which 
are  more  or  less  closely  related  to  Strcmatopera  proper.  For  these 
the  new  genera  Disjeftaficra,  Cinnpnra,  Curlerina,  and  Irregulato- 
f&ra  are  proposed ;  but  it  would  be  impossible  to  make  the  stme- 
ture  of  these  intelligible  without  illustrations.  It  may,  however,  be 
considered  as  proved  that  the  geological  range  of  the  Stromato- 
poroids,  as  a  group,  has  by  these  researches  been  extended  into  the 
beginning  of  the  Fcrmi.in  period  :  the  latest  undoubted  types  of  the 
group  previously  known  being  Upper  Devonian. 

I>r  Waagen,  further,  deals  at  some  length  with  the  genera)  slruc- 
tarc  and  zoological  affinities  of  the  Stromatoporoida,  He  divides 
them  into  two  families,  and  refers  them  to  the  Hydrocoraliina.  It 
is  unnccessar>',  however,  to  discuaa  Dr  Waagen's  views  on  these 
subjects  here;  since  the  conclusions  which  he  has  reached  would 
probably  have  been  more  or  less  modified  had  he  been  acquainted 
with  the  previously  published  "  Monograph  on  the  British  SlTomalo- 
poroids"  (Palxontographical  Socici)-,  18S5)  by  the  present  writer, 
in  the  general  introduction  to  which  the  same  questions  have  been 
dealt  with  in  considerable  detail. 
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CL.&s>incATKKi  or  THE  OtncoiiMU  (pL  445). 

Dr  P.  Hobot  CDpemcT  has  kindly  snppbed  the  atttliar  whb 
the  foOoving  note  2s  to  tbe  cirwifintion  of  the  Cnnoids  proposed 
by  Xeamayr  in  his  leoeody  pobfaiigd  inqiortuit  w«k  **  Die  Stinime 
des  Thierrddts ":  "The  new  ctasaification  of  the  Crtmgddea  pro- 
posed by  Nomuyr  a  pnaaaiy  based  upon  the  oonditiao  of  tbe 
mootb  auid  unboUcia.  Tbese  are  cither  sobtegminal  {SypasiB- 
crima)  or  free  and  exposed  opaa  die  mitnl  stn&ce  (£ftuaKrjmt). 
Tbe  fifst-named  groop  inctndes  an  the  Pabeocrizioid^  except  Cf*- 
Mmttjou  and  its  allies  (Families  1 2-20),  vbicfa  have  been  abeady 
disdnguisbed  as  Jvtmlatm  by  Wacfasmnth  and  Spcii^er.  It  has 
also  been  shown  by  tbese  aotfaofs  that  smne  of  tbe  IcktkfocHmdtL, 
at  any  rate,  had  an  Qpoaed  mouth  and  open  ambolacia  (see  p. 
431);  so  thai  this  £unilycan  find  no  place  in  Hat Bjp€aa>eriMa, 
Except,  too,  for  havii^  a  snbt^minal  mooth,  tbe  £fi^ieenmida  and 
their  allies  {tarviformia)  seem  to  be  more  dosely  allied  to  tbe  Jvta- 
lata  than  to  the  other  Palzocriix»ds  (CuKraAtX" 

The  general  relations  of  Netmuyr's  classification  to  that  proposed 
by  Wachsmutb  and  Springer  may  be  seen  in  the  following  table : — 
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Cystoidea  (p.  447). 

An  important  posthumous  work  by  M.  Joachim  Banande  on  the 
Cystideans  of  Bohemia  has  recently  been  published,  and  Dr  P. 
Herbert  Carpenter  has  been  good  enough  to  furnish  the  author 
with  the  following  note  as  to  its  contents  : — 

"  This  elaborate  work  contains  descriptions  of  a  large  number 


of  new  Cystidcans  from  the  Lower  PalacoJOic  rocks  of  Bohemia. 
Some  valuable  morphological  observations  are  ako  recorded  therein ; 
but  mosl  of  them  refer  to  [|ucslions  of  too  complex  a  nature  for 
disrwision  here.  One  point,  however,  muRt  be  noticed.  In  the 
□cw  genus  AHsttvystiies  a»d  in  some  half-dozen  others  Harrande 
describes  the  calcareous  plates  of  the  test  (is  cox'ered  by  a  smooth 
'external  epidermis' which  completely  closes  the  openings  of  the 
pore-canals  that  penetrate  the  substance  of  the  plates.  This  epider- 
mis is  very  thin,  not  more  than  tArt  P'''^'  of  3"  ""^^h  in  PritieocysiiUs, 
and  is  therefore  but  rarely  preser\ed  to  any  great  extent.  The 
pores  arc  sometimes  isolated  (haploporcs),  or  a  pair  may  be  linked 

j      hy  a  horse- shoe-shaped  groove,  or  open  together  in  a  small  oval 

I  dcprc^ion,  the  *  oscule,'  the  whole  structure  being  commonly  kftonn 
as  a  'diplopore,'  It  was  the  resemlilance  of  these  diplopore*  lo 
ihe  groups  of  twin  ambulacnil  pores  in  the  Ordovician  Sea- Urchin 
Sothrioadaris,  which  led  Lov^n  to  point  out  thai  the  old   theory 

I  of  th«  connection  of  the  diploporcs  of  the  Cystidcans  with  the 
amhulacral  system  might  after  all  I>e  correct.  Thi.'i  view,  however, 
will  have  to  be  abandoned  altogether  if  the  pores  really  arc  closed  by 
the  external  cpidcrmii;  in  the  manner  described  by  Itanandc     But 

I  there  is  some  doubt  as  to  whether  the  appearances  described  by 
him  may  not  be  capable  of  a  different  interpretation,  more  especially 
as  he  suggests  in  one  place  that  the  pores  may  have  been  connected 
»Hth  tube-feet  like  those  of  the  Urchins,  while  in  another  he  notices 
their  similarity  to  the  respiratory  pores  of  the  Asterids  which  gi^-e 
passage  to  the  giils  or  papubc.      But  neither  of  these  explanations 

!      could  be  possible  if  the  pores  really  are  closed  as  he  describes. 

"Ncumayr,  believing  Miillcr's  classificaiion  of  the  Cystidca  ac- 
cording lo  the  characters  of  their  pores  lo  be  no  longer  a  practica- 

[  blc  one,  has  recently  proposed  the  following  scheme,  which  may  be 
adopted  until  a  fuller  morphologiral  knowledge  of  the  group  has 
provided  us  with  ihe  materials  for  a  better  one. 

"  1,  Ordf:r  SP1I/KRON1T1D.E. — Tcst  composed  of  numerous  irregu- 
larly disposed  plates,  which  may  be  a|>oroU5  or  bear  haplopores  or 
diplopores,  but  never  rhombs.  Five  ambulacra,  sometime*  lerml- 
rutting  in  feebly  developed  arms.  Gcncially  sessile,  but  sometimes 
free  or  stalked. 

** Family  i .  Spkaronitina. — Ambulacra  superficial  and  branching. 
Sfkaronitts,  Giyftotphitrttes,  EtuyHis,  J'releoi'ysliles,  Prattycrirms. 

"Family  2.  Aristaeysiina.  .■Vmbulao'a  sublegminal  and  brandl- 
ing.    Aristofjstitfs,  Pyrorysiites,  Craterina. 

"Family  3.  Mesitina.  Ambulacra  superficioJ  and  simple.  Mttttes, 
Agelacrinus,  Edrioasttr,  Cytaster,  J/emicysti(fJ. 

"11.  Order  EcHiNOSPH.eRlTlD.c. — Test  composed  of  numerous 
rbombifcrous  plates  ;  often  with  only  three  ambulacra,  and  «V\%*n>^'j 
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developed  arms.  Sessile  or  stalked.  EchinospheeriUs,  Dendrv- 
cystites,  Caryoqistites,  Araehno^sHtes. 

"III.  Order  Pleurocystidje. — Test  shortly  stalked  and  asym- 
metrical, the  plates  of  the  two  sides  being  differently  ananged 
except  in  the  oldest  genera  (Trochotysiites).  Anns  few  and  snuU. 
PUunxystites^  Ateko^sHtes,  BalanocysHtes,  Mitrocystites. 

"  The  above  scheme  takes  no  account  of  such  types  as  Carycai- 
nus,  Porocrinus,  Ecki?toefurinus,  Lepadocrinus,  Callocystites,  and  sev- 
eral other  forms  in  which  the  plates  of  the  test  are  few  in  number, 
with  a  more  or  less  regular  arrangement  as  in  the  Crinoids ;  while  in 
Cystoblastus  and  Asttroblastus  there  is  a  calyx  very  similar  to  that 
of  the  Blastoidea.  Most  of  these  genera  have  hydrospires,  either 
generally  distributed  on  the  calyx  plates  {Caryocrinus),  or  limited 
to  a  few  of  them  as  in  Echirtoencrinus,  while  Asttroblastus  has 
diplopores. 

"As  at  present  constituted  the  class  of  the  Cystidea  is  an  extremely 
heterogeneous  one,  and  much  further  investigation  will  be  necessary 
before  anything  like  a  natural  classification  of  the  group  becomes 
at  all  possible." 

Bactrites  (p.  846). 

According  to  the  observations  of  Branco  {'  Zeitschr.  d.  Deutschen 
Geol.  Gesellschaft,'  Bd.  XXXVII.,  1885),  the  initial  chamber  of 
the  shell  of  Bactrites  is  an  ovoid  and  dilated  sac,  similar  to  that  of 
the  shell  of  the  Ammonoids  and  of  Spirula.  The  genus  BactriUi 
must  therefore  be  removed  to  the  Ammonoidea.  According  to  the 
views  of  Branco,  the  genus  should  be  ranked  with  the  Goniatitids, 
the  particular  group  of  these  to  which  it  is  referable  occupying  an 
intermediate  position,  as  regards  the  form  of  the  initial  chamber, 
between  the  Ammonitida  and  the  Belemnitida. 


IL   VERTEBRATA. 

Pisces. 

Chimeroidei. — As  is  mentioned  in  the  Addenda,  Mr  Smith 
Woodward  has  recently  made  the  genus  Myriacantkus  (p.  951)  the 
type  of  the  family  Myricuantkidee,  which  is  defined  as  follows : 
Body  elongated ;  anterior  dorsal  fin  placed  above  the  pectoral,  and 
furnished  with  a  long,  straight  spine.  Teeth  fonning  two  or  three 
pairs  of  thin  dental  plates  in  the  upper  jaw,  the  hinder  pair  alter- 
nated and  not  closely  approximated  in  the  middle  line ;  lower  teeth 
consisting  of  a  pair  of  Urge  dental  plates  meeting  at  the  symphysis, 
and  a  median  incisor-like  tooth  in  front  A  few  dermal  plates  on 
the  head  ■,  and  a  \on%  prehensile  spine  upon  the  muzzle  of  the  male. 


Incerta  sedis. — Remains  of  a.  fish  from  ibc  Oxford  Clay  of  Peter- 
borough have  been  described  as  Leediuklkys^  which  apparency 
indicates  the  Urgcsl  Jurassic  representative  of  the  class,  although  its 
senal  position  cannot  yet  Iw  determined.  A  bone  vrhieh  is  regarded 
as  the  frontal  has  a  length  of  34  inches,  while  the  squamous  hyo- 
mandibular  is  nt  least  15  inches  long.  The  most  remarkable  fea- 
tures of  this  fish  arc.  however,  shown  in  the  pectoral  fin*rays,  which 
sometimes  attain  a  length  of  5  feet,  and  freciuenlly  branch  in  a 
forked  manner,  but  arc  not  jointed.  Each  ray  consists  of  fibrous 
bone,  and  appears  to  be  composed  of  a  number  of  long  and  taper- 
ing splints  which  arc  incompletely  fused  together,  and  the  two 
halves  of  the  ray  remain  separate.  ^m 

^P    Anomodontu. — The  author's  recent  study  of  the  Anomodont  1 

■  remains  in  [he  Briti-sh  Museum  has  enabled  him  to  make  some 
amcDdmenis  on  the  characters  of  the  families  and  genera  gi%-en  in 
the  text. 

In  Tapimctphalus  {^\y^.  ro57-58)the  dentition,  although  it  may 
have  been  of  a  carnivorous  type,  was  not  diiTerentiatcd  into  incisivcs, 
tusks,  and  check-teeth ;  and  it  is  highly  probable  that  there  were  no 
secondary  narcs.  It  docs  not  appear  by  any  means  certain  tliat  the 
one  tooth  on  which  the  genus  Glaridndon  (p.  1061}  is  founded, 
is  really  distinct  from  Titiim>t»cAns  {p.  1058). 

In  the  Galttauridx  (pp.  105S-59)  the  single  narial  aperture  of  the 
type  specimen  of  Aiittroiaurus  is  due  to  imperfection ;  and  it  is 
probable  thai  the  same  i.s  the  case  with  Cynodraeo,  Cynoehampsa, 
and  Cyncmthus.^  The  latter  has  7  or  8  check-leelh,  with  a  poste- 
rior basal  cusp,  but  the  incisive  and  cheek>teclh  appear  to  have  no 
serrations  on  the  posterior  edge.     Cywehampsa  was  probably  alhed, 

bAviag  ~  incisive  teeth  as  in  CynosveMus.     In  Cyaodrnto  and  the 
3 

type  of  Mlurosaurus  there  arc  5  incisive  tcclh  ;  and  the  crowns  of 

4 
the  incisive  and  check -teeth  hare  serrated  posterior  edges  :  and  it  has 
yet  to  be  proved  that  .'E/urosaurus  is  generically  distinct  from  Cyfo- 
draio.     In  Tigrisuehns  there  arc  three  pairs  of  upper  inci.siv-e  teeth, 
Gorgonofis  (}p,  1059)  differs  from  the   GaUsaurida  in  having  the 
temporal  fossx  roofed  over,  and  apparently  in  the  absence  of  second- 


^. 


'  The  practice  of  maliine  «ueh  hatburom  compounds  m  LffJjitkikyt,  Otetnia- 
._rA«i/(p.ii9r).  »iiil  !V.irifii6lAys  (p.9;g],  U  much  lu  lie  deprecated.  Ifich.iaee 
be  pciminitilr,  (he  terms  Ixidua  and  iVitn/ia  may  Ix  nifigcktcd  tn  |>lacc  o^  Loc 
rmi  and  Ihirrl  af  tlic*e  uncnulti  names. 

•  By  an  error  [«ee  Coriii^cnda]  ili«c  three  genera  ore  iUit«d  Va  ^o-i^  4t«&Ae 
noresi  while  in  Tigritudnn  the  narcs  arc  uid  to  be  sin^k. 
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aiy  posterior  nares.  Roofed  temporal  fossse  also  occur  in  the  Amer- 
ican genus  Chiionyx  (p.  1060);  so  that  both  of  these  fonns  ap- 
proximate in  this  respect  to  the  Pariasauria,  although  distinguished 
from  the  typical  representatives  of  that  group  by  the  absence  of 
sculpture  on  the  cranial  bones.  Gorgonops  may  be  regarded  as  the 
type  of  the  family  Gcrgonopida,  with  an  uncertain  serial  position. 

The  genus  Embolopkorus  (p.  1060)  is  the  only  one  in  which  the 
articulation  of  the  capitula  of  the  ribs  to  the  intercentra  has  yet 
been  observed. 

It  appears  that  there  is  no  justification  for  Eichwald's  reference 
of  the  tooth  represented  in  fig.  9S3  (p.  1063)  to  Deuterosaurvi 
rather  than  to  Brithopus ,-  the  former  genus  having  been  founded 
upon  part  of  the  vertebral  column  of  a  smaller  reptile  than  the  one 
to  which  the  humerus  of  Britkopus  belonged. 

The  vertebras  of  the  Diadectida  (p.  1061)  are  distinguished  by 
the  presence  of  zygosphenal  (hyposphenal)  articulations ;  while  the 
skull  has  no  secondary  posterior  nares.  Empedias  differs  from 
Diadecles  by  the  absence  of  a  tusk  ;  while  Helodectes  is  distinguished 
from  both  by  the  double  row  of  cheek-teeth. 

Saurofterygia. — tt  is  stated  on  page  1077  that  the  genus 
Cimoliosaurus  has  no  trace  of  an  interclavicle ;  it  has,  however,  bera 
subsequently  suggested  that  certain  splint-like  bones  found  with 
some  skeletons  of  the  Oxfordian  representatives  of  this  genus  are 
really  the  last  remnants  of  the  interclavicle  and  clavicles ;  the  inter- 
clavicle probably  fitting  into  the  notch  shown  between  the  ventral 
plates  of  the  scapulae  in  fig.  988  (p.  1069). 

Chelonia. — In  a  recent  paper  Dr  Baur  states  that  in  the  skull 
of  Protostega  (p.  1089)  the  parietals  were  connected  by  vertical 
plates  with  the  pterygoids,  and  he  accordingly  regards  the  Pro- 
toitegida  as  less  specialised  than  the  Dermochelyida.  If  this  refer- 
ence be  correct  there  will  be  evidence  of  a  nearer  affinity  between 
the  Athecata  and  Testudinata  than  has  hitherto  been  supposed. 

The  same  writer  also  doubts  the  Chelonian  nature  of  the  proble- 
matical Psepboderma  {p.  1089),  and  suggests  that  it  may  be  founded 
upon  the  dermal  armour  of  Nothosaurus.  This  argument  is  sup- 
ported by  the  absence  of  Chelonian  bones  in  the  Lettenkohle  (Lower 
Keuper),  where  Psephoderma  is  not  uncommon  ;  but  the  absence  of 
a  dermal  armour  in  the  Zariosaurida,  so  far  as  it  goes,  is  against 
this  view. 

In  the  Testudinida  the  genus  Palaocheiys  (p.  1108),  as  is  well 
shown  by  a  specimen  from  the  Pliocene  of  Italy  recently  described 
as  Emys  Porlisi,  has  some  of  the  neural  bones  tetragonal  and  others 
octagonal,  and  is  thereby  more  nearly  allied  to  Nieoria  and  the  land 
tortoises  than  to  Ocadta.  The  so-called  Emys  crassa,  of  the  Upper 
Eocene  of  Hampshire,  is,  therefore,  referable  to  Oatdia, 
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Abyssal  clay,  74. 
Acantkaria,  145,  146,  147. 
Acantkerpestu,  584. 
AcantkiKtras,  Sbj,  868. 
Acanthothonia,  173,  15&4. 
Acanihocladia,  63S. 
Acattt/uxladida,  (aj. 
AcaiMometra,  146. 
Acantharapkis,  163. 
AcaHthomson,  561. 
Acanthottuthii,  881. 
Acarida,  575. 
WcflJ/a,  499. 
AcentotreiKiUs,  464. 
Acervularia,  369,  373,  386,  387. 
AchattBa,  81a. 
Aciii/rum,  406.  407. 
Acuala,  786. 
Aciculida,  786. 
Acidatfiidit,  540. 
Acidaifii,  539,  540. 
Acmaa,  76a. 
Acorn-shelb,  496,  497. 
Aeraiptda,  3o6. 
Acrididx,  597. 
Acrocidaris,  383. 
Acrvculia,  764. 
AcroiaUnui,  380. 
AcratlUU,  653. 
Acrotrela.  651,  653, 
Acroura,  403. 
Actiant,  801. 
Aclaomtlla,  801. 
Aitaonida,  800. 
Aclaanina,  Boi. 
Actinacii.  310. 
Actiniaria,  a6i,  363. 
Actinida,  a6i. 
Actinoctras,  839,  84a 
Actinoceratida,  839. 
AetiitccriniAt,  435. 


Aclinoerinus,  436. 
Actinaystij.  386. 
AcHnodonta,  717, 
Actinameira,  413,  443, 
ActinomiHa,  149. 
Actifsostoma,  6a6. 
Aclinoslroma,  333,  333. 
AcHnosoa,  340. 
Adacna,  738. 
Adelarthrviomata,  577. 
Adelphoctras,  844. 
AdesBUuea,  744. 
^fininn,  508. 
-«^ifr,  563, 
yEginida,  306. 

■*J*''".  559- 
^/i«a.  536,  537. 

/Eghnida,  537. 
/Egoceras,  8t^. 
^goceratida,  864. 
Agaricoerintti,  436. 
Agasiitocriitui,  436,  437. 
Agelacrittida,  453. 
Agelacrinui.  45a,  453. 
Agnas/iJa,  545. 
Agnoslus,  545, 
Alaria,  789, 
Alcyonacia,  336l 
Alcyanaria,  356,  334. 
Alcyonida.  336,  337. 
AUyonium,  336, 
y^/AT/o,  616. 
AUclryonia,  695,  696. 
Allagecrinia,  433. 
Alliottia,  443, 
Allonorfhina,  131. 
Allopora,  335,  aais,  337, 
Alloriswm,  749,  750. 
Aiveoiaria,  6ao. 
Alvioiiita,  136. 
AiveoliUi,  315,  316. 
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Alvtofora,  311. 
AmaWitida.  S63, 
Amaltkeui,  S63. 
Amaurvfisis,  779. 
AfiierUjvi,  776. 
Amhonyekia .  708. 
AmeCobolic  Insects,  59a. 
Ammonites,  855,  856,  S&f. 
AttMottoidta,  833,  848. 
^»«cAr>>,  no. 
Av^pkidetus,  390. 
AmpAigenia,  67a. 
AMphdielia,  ^rj. 
Ampkum,  536,  S37, 
Amphipoda.  1:56,  557. 
Amphtpora,  936, 
Ampktipon^ia,  176,  177. 
AiitphisttgiHa.  134. 
Awtphoracriitui ,  436. 
AiKpltxopora.  356. 
AmpUxus,  395. 
Ampullaria,  780. 
Ampullina,  779. 

'<»•>?*■.  544.  545- 

Anabacia,  304,  305, 

Anatacidir,  304. 

Ananchytti,  389. 

Atmnchylida,  389. 

Anaptychus,  851. 

Anarthropoda,  46S,  469. 

Anoilrofiiia.  67a, 

Anatifa,  50a. 

Anatifopiis,  501. 

Anahna,  749. 

Anatinacta,  74S. 

Anatinidtn,  748. 

Anattlocidaris .  37S,  377. 

Anciliaria,  798, 

Ancylociras,  869,  870. 

Ancylus,  814. 

Angelina,  531,  538. 

Aaguillula.  469. 

Animal  Kingdom,  classification  of,  85, 

87. 
Anisocardia,  736. 
Anisophyllum.  3<j6. 
Anntlida.  470. 

y^ffffC^lI,  468. 

Attodon,  731. 
Anodonla,  731. 
AnodoHlopiis.  ^04. 
Anomalocrinida,  434. 
Anovtalocrinus,  434. 
Anomalocyililis,  453. 
Anomia,  697. 
Anomiidis,  697. 
Artomocladina.  165. 
^imwiura,  563,  565, 
Aneplolktca,  6154. 
Anoplura,  S93, 
Anopolenus,  539. 
Antedon,  409,  410,  411,  443, 
Anthocrinui,  431. 
Anthraciiic  Shales,  35. 
Anihracomarii,  575. 
Aniknuomarhu,  gj6. 


Amihraeomya,  751. 
AntAratoptera,  711. 
AntAraetficorpii,  579 
Anikracaha.  jaa. 
Anlhrapalanon.  563. 
Antipatharia,  aSi,  363. 
Anttpatkida,  344,  a6i,  063. 
AnI-lions.  598. 
An  IS,  600. 
'  Apkanaia,  706. 
Apkaniptera,  599. 
Aphis,  596. 
ApkragmiUs,  843, 
ApkrocallisUs.  176. 
Apiocrinida,  440. 
Apiocrinui,  440. 
ApiocystiUs,  456, 
Aplysia,  80a. 
Aplysiada.  8o3. 
..4]lV>miii,  364,  365. 
Aporrkaida,  789. 
Aporrhais,  789. 
Apterous  Insects,  S93> 
Affychopsis,  515. 
Aptyckus,  851,  85a. 
^uJ,  510. 
^jiyy/a,  655. 
Aqueotu  rocks,  11. 
ArabtlliUs.  480^ 
Arathnida,  572. 
Aracknopkylluvt,  386,  387. 
Aritopoma,  399,  301. 
Araopora,  309,  311. 
Aragonile,  in  calcareous  organisms, 

Araneida,  580. 
-4 113,  713. 
Arcaeea,  71a. 
Arcestes.  856. 
Arctslida,  855.  856. 
ArckadiscMS.  135. 
Archaocidaris,  376,  377. 
Archascyathina.  183,  1B5,  186. 
Archaocyathu!,  183,  184. 
Archaolepas,  503. 
^  n:4.n>Bjj£iu,  559- 
Archaoscyphia,  166. 
Arck/iospkarina,  143. 
Arckaoioniles,  813. 
Arckanodonta,  731. 
Arckidesmus,  584. 
ArcAimaUs,  636,  637. 
Arckimedepora,  6a6, 
Arckimylacris.  593. 
Arckipolypoda,  583,  583. 
Arckitarbus,  576. 
Arckiuiida,  584. 
Arekiulus,  584,  585. 
Arcida,  713. 
Areomya,  748. 
Ar corny idm,  748. 
Arctunis,  558. 
■4«ia,  537- 
Arenicoliles,  481,  48a. 
Artlkusina,  543. 
Argioft,  frjt. 
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ia.  675. 
iia,  as  I. 

:,  848,  S64. 

■<",  S3'- 

f.  514.  S'S- 

'iJ.  559- 

,5">- 

.737- 

Kasa,  576. 

Itura,  559. 

9da,  4^1  491. 

opiala,  655. 

(/a    {Brackiopoda),    655;    (CrMi- 

■  433.  434.  438,  446- 

«.  S33- 

,  520,  531.  533.  533,  534,  535. 

179. 

s,  841,  84a,  843. 
tida.  841. 
yon,  613. 

179. 
ale    Lamellibranchs,    691,   693, 

'lum,  7sa. 
iris,  516. 

■raj,  868. 
11U1,  397. 
o.  403.  404. 
ea,  781. 

565- 

724.  7as. 
la.  735. 
te,  724. 
inella,  177,  178. 

.  39'.  397.  398.  399- 

''".  391. 

mjma,  3S0. 

a.  369-374. 

jra,  310. 

iKingia,  177. 

"",  775. 

ij,  370. 

nidm,  464, 

RKJ,  464. 

Uum.  397,  393. 

'1,  341,  343. 

ia,  149. 

■/m.  393,  397,  398. 

yloa,  403, 
tid,  136. 
itidif,  136. 
•iitida.  436. 
IHBJ,  436,  437. 
ongia,  165,  166,  167. 
"KJ,  443- 
stilts,  453. 

666. 
.803. 

if,  8o3,  803. 
W,  878. 
k/£i,  i6a. 

668,669. 
'«,  668. 

S46. 
.  706. 
tras.  877. 


AulocofiKsn,  (65. 
AulofkylluM,  393. 
Attlopara,  355,  343. 
Avloporidte,  343,  343. 
Auloiiegts,  657. 
^urifuli].  813. 
Auriculidct,  813. 
Avictila,  703. 
Avieniidie,  703. 
Aviculoftelin,  701,  703. 
Aviculopinna,  709,  71a. 
Axitttlta,  163,  163. 
Axinus,  730,  747. 
Axopkytlttm,  993. 
Axapora,  335. 

BactriUs.  846,  1568. 
Bactritid4E,  846. 
Bactrefus,  SH- 
Baitrynitmi,  678. 
Baculites,  859.  861,  86a. 
Baerocrinui,  434. 
Bairdia,  509. 
Saieweiisa,  705. 
Balattida,  497,  499. 
BalaHOfhyllia ,  308. 
Balanus,  498,  499. 
Barbados  earth,  33,  148, 
Barnacles.  50a. 
Barrandiocrinida,  ^rj. 
Barrandeocrinv!,  ^rj. 
Barycrintis,  435. 
Baryhtlia,  967. 
Baryphyltum,  296. 
Basiafsis,  597. 
Basommatofhsra ,  813. 
Bathmoecras,  847. 
Batkyerinus,  441. 
Bathyurttlus,  533. 
Balhyurus,  533. 
Balocrinut,  436. 
Battersiyia,  369,  371. 
Beatriaa,  333,  334. 
Beekite,  7. 
BeUmnitttla ,  Sjy. 
Biltmaitts,  875,  876,  877. 
BtUtKtiitida,  874.  875, 
Blltmnotrinida,  434. 
Btlemnocrinvs,  434. 
BtlemaoHs,  878. 
BtUmnottuthida,  878. 
BeUntnotenlkis,  S79. 
BtlinHrus,  548,  550. 
Btllttvfkina,  769, 
Belltrophon,  768,  769. 
Btlltrophonlida,  768. 
BelopUra,  878. 
Bilostfia,  8B0. 
Btleitulhis,  880. 
BtrtnUea,  6i8. 
Beyrickia,  506,  507. 
Btdiastofora,  617,  618. 
BiJIustra,  635. 
Bifrtmtia,  773. 
Btgtnrrina,  130. 
Buoculina,  134. 
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Binuria,  lij6,  197. 
BUkymia.  7S0. 
Bittinm,  760. 
Bivalve  Molluscs,  683. 
Blastoiiea,  457. 
Bo/umilla,  533. 
BolUmiUida,  533. 
Bolbotoritis,  364,  393. 
Bolidiunt,  i^. 
BofyridiF,  558. 
Bothriocidaridit.  374. 
Boihriocidaris.  373,  374,  375. 
Baihraconii,  173. 
Bouekardui,  67s. 
BatiTgueli^HidiB,  441. 
BaurgMelicrinui,  441. 
Brachiopoda.  640. 
Brachymttopus.  543. 
Brackypfgt,  566. 
Brachylrtma,  793. 
Briuhyura,  5^,  56£l 
Branchiogastrofoda,  760. 
Bramkipodila,  513. 
BraitthtpHj,  513. 
Braitchtpusila,  513. 
Brt^tria,  594. 
Brtartum,  337. 
Briarocrinul,  437. 
Briiinga.  397. 
Brissopiit,  39C1 
Britsus,  390. 
Bronitida,  540. 
Brontats,  540. 
Bryotoa,  604- 
Bucania,  769. 
Butcinida,  793. 
Suc^inum.  793. 
Buckiarjs.  863. 
Bulimina,  130. 
Bulimulus.  813. 
Bulimuj,  8 1  a. 
BW/a,  801. 
BuUida,  Bo  I. 
Bumaslus.  530,  536. 
Buiwdti,  549. 
Bupreslida,  600. 
Burrows  of  Aanelides,  48 1. 
Bulhagraptus,  305. 
Bulhus,  5^4. 
Bysiocardium,  738, 

Caddis -flies,  598. 
Cadutui,  Sao. 
Cacida,  783. 
CcEcuix,  783. 
Catamopora,  313. 
Calapacia,  306,  317. 
Calalhium,  166. 
Calcareous  rocks,  15. 
Calcareous  Sponges,  178. 
CaUarina,  116,  117,  133,  134. 
Calaocrinida.  437. 
Cakeocrinui,  437. 
CaUtola,  3f>i, 
Cakeolida,  399. 
CaUUphtera,  147. 


CalHspmtgUi,  17B,  1^4. 

Cftlcite,  ID  calcareous  orguusms,  85,  3 

Catliamasta,  565. 

Caliitrintu,  430. 

Callitut,  514. 

CalloeyjtiUs,  449,  457, 

CallodUtjon,  17*. 

Calloditlyonida,  176. 

Callograptas,  305. 

Calloittma,  783. 

Caiiopora,  347,  348,  351.  357,  359. 

Caloslylii,  306,  307,  308. 

Catycotoa,  306. 

Calymau,  519,  533. 

Ca/yairfnii^e,  53a. 

Calyptotrinida,  439. 

Calrptraa,  764. 

Calyplrteida,  764. 

Camarilla,  671. 

Camarophoria,  671. 

Camerospongia,  175,  176. 

Campanularida,  303. 

Campophyllum,  388,  289. 

Campyloeephalui,  555. 

Canctllana,  798. 

CaiutUariidtt,  798. 

CaiuKr,  567. 

CandoHa,  507,  509. 

Cannapora,  330,  331. 

Capri ita,  733. 

CaprintUa,  733. 

Caprinula,  733. 

Caprotina,  731. 

Capulida,  -ji^ 

Capului,  764. 

Caraiida,  600. 

CaradocriitHt.  435. 

Carbon  and  carbonaceous  deposits,  34 

Carbonarta,  71a. 

Carboitieola,  733. 

Cardiacea,  726. 

Cardiaslir,  3B9. 

Cardiidit,  7*7, 

Cardinia,  731.  733. 

Cardiniidir,  731. 

Cardioearis,  853. 

Cardwla,  714. 

CardiomoTpka,  750. 

Cardita,  733. 

Cardiiidm,  733. 

Cardium,  737,  738. 

Carididm,  563. 

Carinaria.  603,  803, 

Cariaopora,  635. 

Cannon.  543. 

Carpocrinvs,  437, 

Carltrtlla,  165. 

Caryocaris,  514. 

Caryocrinus,  455.  456, 

Caryocystilts,  454. 

Caryopkytlia,  346,  347,  34B,  365,  sC 

Caisianella,  704,  705. 

CoisiJaria,  793. 

Cassidida,  799. 

Cauidutida.  386,  387. 

Cassidulina,  130. 
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Cassidului,  388. 
CasiU,  79a. 
Catillocrinida,  437, 
Catiliocrinus,  437. 
Catefygus,  388. 
Catinopora,  336. 
Cavolmia,  8oo> 
Cavaiiniidtt,  805. 
Ctllaria,  635. 
Ctltariiiite,  634. 
Ctlkpora,  638. 
CtlUporida,  638. 
Celluiaria,  634. 
CtUulariiJtt,  634. 
CtHlronttia,  674,  675. 
CephaliUi,  175. 
Ctphalopoda,  831. 
Ctrambycidtt,  601. 
Ceramofora.  633. 
Ctramoporidit,  63a. 
Crraiiotarida,  513,  513,  514. 
Ceraiiocaris,  513,  514. 
Ceratilti,  857. 
Ceratitida,  856. 
Ceratospongia,  161. 
CtriltUa,  789. 
Ctrithiida,  788. 
Ctritkium,  7B8. 
Chatttts.  34 1. 
ChaUtida,  -yrj,  341, 
Chtetognal/ia,  469. 
Chalk.  119. 
CAaxM,  730. 
Chamatta,  739. 
Chamida.  Tip. 
Chasmafi,  54a. 

Cheilostomatous  Polyzoa,  633. 
CAo'nvrtnu^,  437. 
Chtirocrinus,  437. 
Cheirurida,  537, 
CMtininu,  536,  537. 
Ci^/./«-,  577. 
Citlodti,  818. 
CAemtiVjia,  7S4. 
Chentndopara,  167. 
Chenus,  577. 
Chen,  158.  159. 
Ckilognatha,  585. 
CMlopoda,  583. 
Chilostomella,  131. 
Chilostomellida,  laa,  130. 
Chirodola.  406,  407. 
Chiton.  816,  B17,  818. 
Ckiloiullus,  818. 
Ckilonida,  B16. 
Ckandrofkara,  874,  83a. 
CkoruUa,  167. 
CkontUs,  657,  55B. 
Chonostegilts,  330,  33 1. 
Ckoristoctnu,  857. 
Ckryadatina,  130, 
Cktyatdomus,  794,  795. 
Ckryiimulida,  600. 
Cktkamaluii  499. 
Cidarida,  378, 
Cidaris,  3^,  379. 
VOL.  II. 


Cimiiaria,  751. 

Cinulia,  801. 

Cirriptdia,  495. 

OVrxj,  773.  773. 

CtsUlla.  676. 

Cladiicites,  S57. 

Cladiscilida,  857. 

Cladoeera,  509. 

CladochOHus,  34a,  343. 

Cladotora,  rjn. 

Cladophyllia,  aji. 

Classincatioii  of  the  Animal  Kingdom,  85, 

87- 
Classification  of  Fossilifezoni  fonnations, 

41- 
Clatkratiictyon,  333. 
Clal/lrofcra,  630. 
Clamoitraa,  304. 
Clauiilia,  613,  B13. 
Clavagella,  75a. 
Clavagellidix,  751. 
CUidofkorus,  716. 
Cleiocrinus,  431, 
CUistopora,  306,  310,  311. 
CUodifra,  805. 
Climacograftus,  ai8,  aao. 
Climacospongia,  163, 
ClimaeHehnitts,  535. 
Cliaofiilha,  748. 

c;w.  80s,  806. 807. 

Cliona,  16a. 
CHHopkytlida,  991. 
CHsiophyllum,  393. 
Clisttnttrala,  655. 
Clynunia.  85a,  853. 
ClymeHiida,  853. 
Clyptaster.  385. 
Clyptastrida,  3B4,  385. 
Clypeus.  388. 
Cntmidioilrum,  167. 
CocciittUida,  601. 
Coicocrinus,  438, 
CoccoUths,  110,  1495. 
Coccophyltam,  373. 
CochUaria,  78a. 
CofAi^^nu,  857. 
Cockroaches,  597. 
Codatler,  463,  463,  464. 
Codaslerida,  464. 
Cadiopiii.  38a. 
Codonoiter,  463. 
Codenitcs,  46a. 
Ceeieitterata,  190. 
Cccioctntna,  77a. 
Caloceras,  866,  867. 
CccloftyMida,  175, 
Ceeloftychium,  168,  169,  175. 
Caloipira,  664,  6G9. 
C<»ii»i,  316. 
Canotita,  565. 
Cunograptui,  a  16. 
Cxmospkmra,  147. 
CoUoprion,  9oj. 
CoUopttra,  600. 
ColUmbola,  593. 
Collyrita,  388. 

1  ■*. 
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CoUyritidm,  388. 

Colonies,  60. 

Columbelia,  ^94, 

Celnmbellarta,  794. 

Columbtllida,  793, 

CalumbtUina,  794. 

Columitaria,  969,  974. 

ColuMuofora,  306,  317. 

ComarocystiUs.  449,  455. 

Comatuia,  409.  410,  411,  413,  414,  443. 

ComatMlidet,  44a, 

Comiepkyllum.  »^ 

CowuierU,  304. 

Ci^itfAfuai,  735. 

CoHcMuolilcs,  473,  477,  478. 

CoHckifira  (see  LamrlHittuukiata). 

Conf^cria,  71 1. 

Conida,  79S. 

Conecardium,  708,  739. 

CotUKtplialida,  531. 

CoHoctikaliUs,  S3 1. 

Conochpeida,  384. 

CoHoclyfus,  384. 

Conccoryfhe,  531. 

ConodonU,  480. 

ConorHi,  799. 

Conosmilia,  984. 

CoDlemporaneilT  of  Stnia,  46. 

Continuity,  Geological,  55. 

Canularia,  808. 

CoHuiariidir,  808. 

Conutui,  813. 

CoHus,  798,  799, 

Convexoitraa,  973. 

Copepoda,  503,  509. 

Coprolices,  15. 

Corallines.  35,  1495. 

Corailisles,  165. 

Corallium,  344,  336,  337,  398. 

Coral-reefs,  modern  and  ancient.  356-060. 

Coral-rock,  957. 

Corals,  gemination  and  fission  of,  3S3-355' 

Corals,  simple  and  compound,  345-355. 

Corbuula,  738. 

Corbis,  ji\j. 

Corbvia,  74  a,  743, 

Comularia,  336. 

ComuiaridiE,  396,  397. 

Comulitei,  475,  476. 

Comusfira,  194. 

Coronula,  499. 

CorymiiKrinus,  430. 

Carynella,  180. 

Corynida,  193.  197. 

Corynoidts,  315- 

Coscinium,  fiio,  631,  639. 

Coicinopora,  J76. 

Coscinoporida,  176. 

Coscinotrypa,  610,  631,  633. 

Gmniiffraj,  867. 

Collaldia,  389. 

ColyUirinu!.  439. 

ColyUderma,  439, 

Crangopsis,  563. 

Crania,  653.  654. 

Craniada,  653. 


Cm^doifoma,  776. 
Crasiattlla,  795. 
Croisaiellidtt,  795. 
CrajsaieUiHa,  •jaib, 
CraticHUiria,  174. 
Crtneila,  711. 
CrtaiftcUn,  701. 
Crefitdopkyllum.  248,  39a 
Cnfidula,  764. 
Crtseii,  804,  805. 
CriiitUa,  yfj. 
Criiriliiui.  ^. 
CribriltHida.  636. 
Crickets,  597. 

Crinoidal  limestone,  39,  33. 
Crineidta,  408,  1566. 
Criocerai,  868,  BiSg,  870. 
Crista,  616. 
Criiiida,  616. 
CriiUllaria,  131. 
CdJBiwj,  S38,  539. 
Crossopitdia,  486,  487,  1483. 
CratabKrinidit,  430. 
Crolalocrinut,  430,  431. 
Cmstaeea,  491. 
Cryphma.  541,  543. 
Cryptoblastus,  464. 
Cryplocrinus,  453,  455. 
Cryptokelia,  335. 
Cryptoplax,  818. 
Crypteuhisma,  464. 
Crypletattia,  397, 
Crystalline  limestones,  31. 
Cteiadiicus,  393. 
ClfMOdanta,  716. 
Ctem>pkora,  356.  360. 
Cttnostomata  {Polytoa),  6i3,  613. 
Cucullaa,  719.  713. 
CucuUeliii,  715,  717. 
CulUlItis,  740. 
Cunuuta,  SS9,  560, 
Cuprtsiotrinida,  433. 
Cupressocrinus,  433. 
Cupularia,  638. 
CurculionidiB,  600. 
Cvrtulionita,  600. 
Curlonotui,  790. 
Cttvieria,  806,  810. 
Cyalhaxonia,  96& 
Cyathidium,  439. 
Cyathocrinid<z .  435. 
CyathiKrinus,  435,  436. 
CyalhopkyUidiE.  385. 
CyalkophyUoidia,  384. 
Cyathophylium,  386. 
O-A;/*.  538,  539. 
Cyclammina,  139. 
O-f^i",  738- 
Cycloclypeus,  137. 
CyclocrtHus,  186,  187,  188,  1564. 
Cyclalifei,  305. 
Cydolobus,  85s.  856. 
Cyclonema,  776. 
Cyclofhlhalmui,  578,  579. 

S"    Ivphyllum,  393. 
_   AM«n>,  304. 
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Cyelutowta,  786. 
CyclostomiJa,  786. 
CjKliu,  550. 
Cytickna,  801,  Boa. 
CflindriUs,  801, 
Cylindrophfma,  ibj. 
Cymbvlia,  804,  806. 
Cymbuliida,  806. 
CyptUia.  174. 
Cyphaipii.  542. 
Cyphosoma,  ^a. 
Cfpraa.  790,  791. 
Cypraida,  -jtfi. 
Cyprtlla,  soR. 
CyprUardtlla,  735. 
Cypricardia.  736. 
Cypricardinia,  736. 
Cypridm,  508. 
CyprideUa,  508. 
Cypridtllina,  508. 
Cypridina,  507,  soS- 
Cypridinida,  507, 
Cyprina,  736. 
Cyprinida,  736, 
Cyfiris,  507,  508. 
Cyrtna,  738. 
Cyrmida.  738. 
Orft'a,  665,  666. 
0"^''"'».  66s,  666. 
Cyrtoctratiaa,  843. 
C^rtocerai,  843. 
Cyrtocerina,  839, 
Cyriodaria,  743. 
Cyrtodonta,  714,  715. 
CyrtograptMs,  a  15. 
Cyrtolites,  769. 
CytHfKyllida.  398. 
Cysltpkylloidta ,  398. 
Cysttphylium,  399. 
Cystoctdarida,  373,  374. 
Cyitocidaria,  373,  374. 
Cyslodictya,  631. 
Cyttodictyonidm,  631, 
Cysloidea,  447,  15615. 
Cythert.  507,  509, 
Cylherea,  t^-j. 
CytherHs,  509. 
Cylherella,  508. 
Cytlurellidir,  508, 
Cythereliina,  508. 
Cylhtrida.  509. 
Cythtridta,  509. 

Dakota  Beds  of  North  America,  45. 

Dalmatiia,  54a. 

Dalmanites,  541,  548. 

Daonttla,  706,  707. 

Dasmia,  366. 

DavidtorMlla,  678. 

DavidsoHia,  663, 

DaaaaiuUa,  778. 

Dawsonia,  314. 

Dayia,  669. 

Dtcapoda  {Cruslacta),  563 ;  {Ctpllaiopoda), 

874- 
Deep-sea  Muds,  74. 


Defrantia,  619. 
Deipho»,  537.  538. 
Dtiayia,  349,  356- 
Dtlphinula.  775. 
Dtndroerinus,  435. 
Dettdrograplus ,  003,  304. 
DtHdrophyllia,  306.  308. 
Dindropupa,  813. 
Dtntakidm,  Si 9. 
Dtntalina,  131, 
Dtnlaliam,  819. 
Derivative  rocks,  13. 
Dtshayesia,  779. 
Z)«j»««r<nii,  665. 
Diadema,  381. 
Diadematida,  381. 
Dianulitts,  356. 
Diasloma,  781. 
Diaslopora,  617,  6i8. 
DiaslBportUa,  618. 
Diasloperida,  617. 
Diatom-eanh,  33,  1490. 
Diblasui,  367. 

Dibranchiaie  Cephalopods,  B71. 
Dibunopkyllum,  391,  393. 
Dicillograptul,  317. 
Dictras,  731. 
Diehocrinui,  438. 
DichograpHda,  316. 
jyUMographis,  317,  31S. 
DUranograptida,  317. 
Dieranograptus,  317,  319. 
Dictyocha,  147,  148. 
Dittyomilra,  148,  149. 
DUIyonrma,  3C^,  305. 
Dictyontura,  594. 
Diclyonina,  168. 
DutyopkyfoH,  173. 
DidynmcyrHs,  149, 
Diaymograptta,  at 6. 
Dikelhxetkalus,  531,  530,  53t. 
DimertUa,  670. 
Dimerphograplus,  3it,  319. 
EMitiyary  Bivalves,  688, 
Diitdymtnt.  539. 
Dmaymenidit,  539. 
Dinobolui,  655. 
Dionide,  544- 
Difhyphyllum,  387. 
Diflocidaris.  379. 
Dttlodonla,  746,  747. 
Diplegraptida,  a  18. 
Dtflograptus,  aiB,  33a 
Dtploria,  373, 
Dtfiastyiu!,  56a. 
Diplotiypa,  355. 

Dipnonidiaa  GraptoUtes,  314,  aiB. 

Diptera,  599. 

DiKina.  653,  653. 

Discinidce,  65a. 

DiscinUca,  653. 

Discites,  846. 

Discinocaris ,  513.  515. 

DiscBceras,  844. 

Dhcodtrmia,  165,  168. 

Discohelix,  77a. 
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Diicoidea,  386. 
Diiei^hora,  306. 
DixopoTtlla,  619^ 
DiseorHna,  133. 
Diicosana,  840. 
Distickopera,  327. 
Dithyncaris,  515. 
Ditrtmaria,  -jfA. 
Ditrufa,  475. 
Dolabra,  jao. 
DoliidiT,  79a. 
Dalium,  79a. 
Dolomite,  97,  aS. 
Domofcra,  607,  619. 
Denacidn,  739. 
Doniui,  739- 
Dorycrinui,  436. 
Dorydtrma,  165,  167. 
Ztonm'a.  737. 
Dra^n-flies,  597, 
Dmsstna,  711. 
thtUunomya,  70a,  711. 
Dromia,  566. 
Dromioptit,  567. 
DuHcaitella.  aC4,  367. 
[^toiler,  388. 
Dyauttrida,  3S8. 
Dysflaniis,  536. 
Dytiscida,  601. 

Eaiwip.  597- 
Eatoma,  070. 
Eburna,  793. 
Ecculiomfhalat,  771,  773. 
BchinaHtkut,  388,  451. 
Eckinaraehnius ,  385. 
Eciinida.  381,  383,  3S3. 
Eckinobriaidn.  387. 
BchinobrissHs,  388. 
Echinocarit,  514. 
BckiHoconida,  385,  3S6. 
Echinoconus.  386. 
Eekinocorida,  389. 
Echinocyamus,  385. 
Eckinocystites,  373,  374, 
EcMinodermata,  361. 
EtAinemcrinus,  456. 
Echineidea,  366. 
Eckinalamfada,  387. 
EckiHolampas,  3B8. 
Eckinorum,  387. 
Eckinonidie,  387. 
Eekinospalagus,  390, 
Echinosfkarila,  454,  455- 
Eckinotkuria,  3S0. 
Bchinotkurida,  38o> 
EcAinotoa,  365. 
Eckinu!.  383. 
Edmondia,  750. 
Edrioaster,  453,  453. 
Sdriocrinuj,  436,  437. 
Eiekwaldia,  653. 
Bltiaerinui,  463,  464. 
Elaimostoma,  180,  181. 
Blalerida,  601. 
EkuihtrtKrinta,  463,  464. 
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EllifiocHHia,  199, 
ElhfsoctfkalHs,  599,  531. 
Bmarginula,  763, 
Bmmonlia,  314.  315. 
EHalloeriuus,  431. 
Enaliohetia,  a^. 
Enchytraus,  469, 
Eiurinasttria,  395,  396,  397, 
Encriniia,  438. 
Emtrinurida.  538. 
Bncrinunts,  538,  S39- 
Encrinu],  438,  439,  445. 
Endoeeras,  838. 
Endecerafida,  837. 
Bndopacky!.  308. 
Eitdofkyflum.  a86. 
Endotkyra,  138. 
Endymionia,  545, 
Bnofloclytia,  565. 
Ensis,  740. 
Entalii,  819. 
Entalopkora,  618. 
Emtalofkorida,  61B. 
Entolium,  701. 
Eitlomis,  sen,  508. 
Bntomocoiukus,  507.  508. 
Bitlameslraca,  503. 
Bntotoa,  469. 
Eotidarii,  378,  379. 
Eocystitts,  450,  451,  45a. 
Eoluidia,  397. 
Eofhrynus,  sj6, 
Eophyton,  309. 
Eofteria,  703. 
Eouorfiui,  578. 
Eospkaroma,  559. 
Eotpengia,  167, 

Eoiodn,  137- 143. 

Epaclocrintii,  434. 

EthtmeridtB,  597. 

Epiaiter,  390. 

Epilrackyi,  469. 

Erato,  791. 

Eridophytlunt,  387. 

Brinnyi.  543. 

Errant  Anneildes,  478. 

Erycitta,  736. 

Erycinmea,  736. 

Erycinida,  7361 

Bryan.  564,  565. 

Eryonida,  564. 

Esckara,  637, 

Esckarida,  636. 

Etthtria,  510,  511. 

Eitktriella,  511. 

Btkeridgia,  175. 

Elkmopkyllum.  183.  1S4,  185. 

Bloblatlina,  593. 

^<r"*.  567. 

Euastenndea,  395,  397, 
Etiinxku),  176, 
Evcalyptocrinus,  439,  430. 
Bieirysalis,  787. 
Euciadia,  4fA, 
Eucorysttt,  567. 
Eucyrtidium,  148,  149. 
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Budta,  tSck 
EuiUstlla,  678. 
BwUHcrinui,  439. 
EudixftHui,  443. 
Biackinmdea,  377,  378. 
EugasUr,  ^,  405. 
Eugtniiunnida,  439. 
Eugeitiaerinus,  439. 
Eugtrton.  594.  595. 
Euhtlia,  967. 
EnlitHa,  784. 
Eumieroiis,  703. 
Etuuma,  776. 
Eunicita,  479,  480. 
Etiompkalida,  Tyo. 
Euomphalopttrui,  766. 
Euomfhabii,  770,  771. 
EupatagHs,  390. 
BupkoSeria,  584. 
Euphyllia.  aSa,  272, 
EufUcUlia,  168,  176. 
Euprodfs,  550. 
Bufiammidm,  306,  307. 
Eure/e,  174,  176. 
Burettdtz,  174. 
EuryaU,  40a. 
Etiryalida,  40a. 
EuryiUsma,  727. 
Eurypttrida.  546,  SSL  SS4- 
Euryptenu,  551.  558.  555. 
Euspongia,  161. 
Busloma.  788. 
Exttpinurui,  549. 
Exilissa,  783, 
Exegyra,  696. 
Bxtraerinus,  417,  443. 

Farrta,  174,  1761 

Fascicvlaria,  aji.  631. 

FoicicuUpora,  6ai. 

Faieiolaria,  795.  , 

Favia,  373. 

FaviiUlla,  364,  374. 

Favosilei.  313,  314. 

Favositidm,  306.  311,  313. 

Favosilipera,  311. 

FentsleUa,  634,  635. 

FtntsUllidir,  60S.  63a,  633,  634,  635. 

Ftntslralia,  6a6. 

Fibula.  788. 

Fieila,  793. 

Fieulida,  799. 

FilograHa,  47a. 

Firolida,  809,  803. 

Fission  of  Corals,  354,  35^ 

Fitsurtlla,  763. 

FismrtUida,  763. 

Fislularia,  744. 

FUtuiipora.  357,  358,  359. 

Fistuhporida,  354.  357- 

Flahtttum,  346,  a66. 

Flints,  origin  of,  158,  159. 

Faramintfera,  no. 

Forbesioerinus,  439. 

Formieidg,  doa. 

Fossil,  definilioii  of,  4. 


FoHiliferous  rock),  11. 

Fos^lisatioD,  5. 

FrondUularia,  131, 

Frondipora,  6ai, 

Froadtporidee,  630. 

Fulgortna ,  595. 

Fu^ur,  79S 

Fungetla,  63 1. 

Fungida  {Afadrtporaria),  303. 

Fungida,  304. 

Funda,  795. 

Fusispira,  787. 

Fusuiina,  136. 

/'ww,  795. 

Gadiniidiz,  615. 

Gadui,  830. 

Galathea,  565,  566. 

GaUomma,  ^6. 

(7a/A?)nmuIz,  736. 

Galtriles,  386. 

GaJeropygui,  384. 

Gil  ffiMdnu,  557. 

Gampsenyx,  557,  561. 

Ganymtda,  443. 

Gasteroeoma,  433,  434. 

Gasttracomidn,  433. 

Gaiiervpoda,  753, 

Gaslrothana.  744. 

Gastrochmnidit ,  744. 

Gastropoda ,  753. 

Gecarcinus,  567. 

Gemmation  of  Corals,  953,  954. 

(ifxatoiii,  304. 

General  succession  of  organic  types,  103. 

((fivcnia,  403. 

Gtodia,  163, 

GtodiUi,  163. 

Geapkilus,  583. 

Gcoleuthii,  8S0. 

Gephyrta,  469. 

Geralinura,  580. 

Gervillia,  705. 

Gi^anloitraca,  503,  546. 

Gtiberlsocriitui,  439. 

GireantUa,  137,  138,  1563. 

Gitocrangtm,  566. 

Glandina,  811. 

Glauconiiic  grains  of  green  sands,  34, 

118. 
GlaucoHomt,  69  8. 
GUnolrtmilei,  443. 
Globigtrina,  113,  133, 
Clobigerinida,  1:3a,  131,  139. 
Gloiioceras,  843. 
Glyctrilts,  480. 
Glycimtrida,  743. 
Gtyeimtris,  743. 
Gtyphaa,  364. 
Glyphaidee,  563,  564. 
Glyfhostamata,  378,  3Sa 
Glyplarca,  693,  713. 
Glyplutii.  38a. 
Olyptocrintda,  439. 
Clrptocrinus,  428,  439. 
GlyptoeystiUs,  456. 
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GMtodtima.Ta. 

GlyfteifhariUi.  448,  449,  450,  451,  453. 
Goalhopod  Cnutacoms,  s^ 
Gomfhoanu,  B40,  841. 
GompkoctroHda,  841. 

Gontaster,  397,  3^, 

Gemiaiiiti,  853,  B54. 

Gomiatitida,  853. 

Goniodiscui,  397,  398. 

Goniemya,  7^. 

Gonio^Mora,  737. 

Gomiofhorui,  380. 

GoKifphyUum,  300,  301. 

Gomigfygvi,  38a. 

Cor^ioffii,  469. 

Cotgonacea,  316, 

Goi^oiteUa,  331. 

Go^mia,  330. 

Gor^anitlte,  336,  330. 

GoSelttia,  708. 

Grammytia,  75a 

Grammyiiida,  749. 

Granatxrinus,  459,  463,  464. 

Grantia,  179. 

Gmphiie,  35. 

Gr^hularia,  331. 

Graftoiitoidta,  gio. 

Grushoppers,  597. 

GreenMtad,  34,  118. 

Gromia,  laa. 

Grvmida,  laa,  104. 

Gryllacris,  597. 

G/y/Ziu,  S97- 

Gryfhaa,  695,  696. 

Gryfheckiton,  818. 

GuaUeria,  390. 

Gutrangtria,  733. 

Gutttardia,  176. 

(rtfynia,  366. 

Gymnoliematous  Polyioa,  613. 

Gymnosomatous  Pieropods,  803,  804. 

Gypidula,  (fji. 

Gypsina,  133. 

Gypsum.  14. 

GyrOfCras,  844,  845. 

Urroporella-limestone,  35,  1494. 

Hadrephyllidm,  393,  396, 
Hadropkyllum,  ago. 
Hainuia,  335, 
Haimeida,  336,  337. 
Haiiomma,  148,  149, 
Haliolida,  770. 
Hatiolis,  770. 
HalUarca.  161. 
Hallirhoa.  168. 
Halobia,  jaj. 
Halycint,  550. 
Haly sites,  339,  340. 
Halysitidir,  337,  339. 
Hamiles,  860,  861. 
Hamulina,  860. 
Nafliilian,  163. 
Haploceras,  865. 
HaplottnUidit,  865. 


Haflocriiada,  433. 

Haplocrinus,  439. 

Hap!opkUkiuut,  594. 

HaplophylUa,  a66L 

Harpa,  798. 

Harpedtda.  538. 

Harpts,  538. 

Harpida,  798. 

Harpidts,  543. 

Harpeceras,  864,  865. 

Harpoctratida,  864. 

Hartta,  335,  336. 

Hean-urchins,  383,  389. 

Htdtrtlla,  617. 

Hedriopbthalnule  CrnsUceaiu,  556. 

Helcion,  763. 

Htliantkaster,  397. 

Htliastraa,  aya, 

HelUida,  Bii. 

Htlicina,  778. 

Heticinida,  tj^. 

Hilicottras,  8(3 1. 

HelicDpora,  6a6. 

Helicotoma,  767. 

HelioUUs,  335.  336.  337,  338. 

Hiliotituta,  33s,  337, 

Htliophyll^a,  389. 

Htliopkyilvm,  389,  390. 

Hiliopora.  331,  333,  333,  334,  335. 

Htliopenda,  336,  331. 

Htliotoa,  109,  110. 

//r/MT,  813, 

Hetmintliechiton,  8(8. 

Hemeristia,  594. 

Haiurobiida,  598. 

Hemiaspidn,  548. 

Hemiaipis,  549. 

Htmiaster,  39a. 

HemicardiuM,  738. 

Htmictras.  808. 

Hemicidaris,  381,  383. 

Himicosniitis,  447,  455. 

Hemicyslites ,  459. 

Kemimeiabolic  Insects,  59a. 

Hetitiiedina ,  383. 

HtmtfrvniUs,  661. 

Htmtptera,  595. 

HenatrochiscMS,  566. 

Hercoceras,  845. 

Hermit-crabs.  ^5, 

Ncleraclinellidir,  160,  1 78. 

Heterastridium,  337. 

HtltrobUutus.  464. 

Heteroceras,  S6r,  86g. 

Heterocala,  179. 

Hiterocrinida,  434. 

HcUrOcrinus.  434, 

HeterodUtya,  638,  639. 

Hiterophyllia,  365.  369,  371. 

Htttropoda,  8a3. 

HtUropora,  611,  6i3,  615,  631,  63a. 

HtUroportlla,  631.  &)3. 

Heliroforidtr,  631. 

Htleropsammia,  317. 

firlerosltgina,  137. 

Hexaerinida,  438. 
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Htxattinui,  438. 

HexatHmUida,  168. 

Hexarhitila,  306. 

Hildocenu,  B65. 

Hindia,  165,  167. 

HinmUt,  701. 

Hifponyx,  764. 

Htpfopodium,  734. 

Htfp^ui.  737. 

Htfpothea,  613,  635. 

Httpothoida,  636. 

HifpaHles,  733,  734. 

Hippvritida ,  733. 

Htrudinia,  470. 

Hisliodmna,  481,  489. 

Hoimetia,  705. 

HolaiUr,  343,  389. 

HolasUrelta,  173. 

HolaiUrida,  389. 

HoUctypui,  366. 

//aixAtion.aia. 

HolxysHs,  aya,  973. 

HoUxjuHta,  454,  455. 

HoIometaboUc  losects,  599. 

Holopea,  781. 

Holopella,  783. 

Helofidm,  439. 

Holofus,  439. 

Holostomatous  Gastropods,  755,  761. 

Holotkuroidta,  40& 

Homalimolus,  533. 

Homarvs,  565. 

Hmnoealk,  178. 

Homocrintii,  436. 

Homotaxeous  deposits,  46. 

Homothtttis.  594. 

HopliUs,  867. 

HoplocrtHUi,  434. 

Hoptoparia.  565. 

Homera.  618. 

Hotny  Sponges,  161. 

Huronia.  840. 

Hyalaa,  B03,  806. 

Hyalocylix,  805. 

aalonema,  ito. 
ixlosUlia,  170. 
liyaloiragvs,  i6j. 
Hyboclyfus.  387, 
Hjbocrtnidir,  434. 
Hyboerinm,  434, 
Hyiocystites,  434. 

M^/^.  193- 

fiydractinia,  197,  198,  199. 
Hydrida,  1 90. 
Hydrobia,  780,  78 1, 
Hydroctpkatus,  530. 
Hydttxoraltitta,  191,  393. 
Hydroid  Zoophytes,  195. 
HydropKiHda,  601. 
Hydrotoa,  19a, 
fiymtnocaris,  513,  514. 
Hymini^tera,  599. 
Hyocrinidtt,  439. 
HyocHnus,  44a 
Hyolithts.  804,  807. 
HyolUhida,  Ooj. 


Hypanlhocrinut,  430. 
ffyftrammina,  107. 
Hypotrema,  698. 
Hyslricrinus,  418,  438. 

lanlkina,  783. 

lanthinida,  782. 

IcktkyocriHida,  431,  44J,  446. 

lehthyocriHia,  431. 

Ichikyosarcolilti,  "jyi. 

Idioslronta,  936, 

Idmonea,  6iB. 

Idmontida,  61B. 

Itlanida,  535. 

lliantit,  S3S,  536. 

imperatcr,  775. 

Imperfection  of  the  palseoniolagical  ic- 

cord,  63. 
Imperfoiate  Fonuninifera,  i30,  i3i,  lag. 
iDdusial  Limesione,  598. 
Infusoria,  no. 

Imcbag  of  Cutilelishes,  839,  B71. 
Inoctratntii,  70S,  706. 
Iniecta,  587. 
Involutina,  109. 
Irregular  Echinoids,  383. 
Itastraa,  371,  373. 
IsckadiUt,  170,  173,  173,  1564. 
/nV,  330. 
hoarca,  713. 
Iiocardia,  736. 
Isochilina,  506,  507. 
Iiodonla,  739. 
Iionima,  7^6, 
liopoda,  556,  558. 
Isoltlus,  534. 
luiopHs,  585. 

lelly-Gshes.  ao6. 

?erfa,  167,  168. 
trtica,  167, 

Kampecaris,  584. 
Keilostoma,  78T. 
A-^/Aa,  736. 
Kingeiia.  675. 
Kinit-crabs,  546,  550. 
Kirkbya,  506. 
KlitambottiUs,  661. 
Koamckella,  663,  664. 
Koninckia,  311. 
KoHiHckina.  664. 
KonincAinida,  063. 
A'r-dUJUJtii,  675. 
KrSyera.  burrows  of,  488. 
Kutorgitta,  651. 

Laheckia.  339,  933. 
Lace-corals,  639. 
Laceripora,  315. 
iMCuna,  78 1. 
lutmodipoda,  558. 
Lxvicardium,  798. 
Lagena,  131. 
Lagtnida,  I39,  131. 
Laikmina.  651,  633. 
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LamtUiirautkiaia,  683. 
Lanmie  group  of  North  America,. 46. 
Lasiocla£a,  163. 
LaaograpHda,  319. 
Laiiagrapttii,  319. 
latimteaiulra,  97a. 
Ltaia,  511, 
Leeamxriniu,  431. 
Z/dls,  717. 
LtgHedtsntMi,  481, 
Letafathu,  ^3. 
LtUtpttria,  703. 
LeiorhyHckui,  (rjo. 
Leitha-kalk,  35,  1497. 
Lifadida,  500. 
LtpaJotrinus,  449,  456. 
Ltfas,  ^00,  50a. 
LtferdiHa,  506,  507. 
Liprrditidm,  sofiu 
LefidechiHus,  377. 
l^pidtsthts,  yjfi. 
Ltfidocmlrus,  377, 
LtpidofUra,  599. 
Ltpisma,  593. 
Lefralia,  636,  637. 
Ltflana,  659,  663, 
Ltptamnia,  66a, 
Ltftohotiis,  653. 
LepiOihiUm.  Si 8. 
Leplxlinum,  603. 
Lefloealia,  675. 
Leplodomut,  750. 
Ltpiograftidji,  316. 
Leptograptui,  316. 
Ltptontaria,  766. 
Ltpton,  726, 
Leftopkytlia,  305. 
ijptoleutkii,  880,  881. 
Ltucandra.  179,  1565. 
Ltucones,  179,  1565. 
Ltvconia,  179. 
Leuconida,  179. 
LtutosoUnia,  179. 
LiitUulida,  597. 
lUchada,  S40. 
Lichas,  539,  540, 
Liihtnopora,  6l3.  619. 
Liclunoporidir,  619, 
Life-iones,  58. 
Lima,  700. 
Litnacidit,  811. 
Limacina.  804. 
I.imaciaida,  804. 
I-itnanomia,  698. 
Limta,  700. 

Limestones,  origin  and  microscopic  struc- 
ture of,  15-33. 
Limida,  699. 
Limnadia.  51a. 
Limnita,  814. 
Limnaida,  813. 
Limopsis,  713,  714, 
Limopttra,  703. 
Limulida,  550, 
Limulus,  546,  547,  548,  551. 
Linditramia,  a&5. 


Lingula,  650. 
LinguUUa,  650,  651. 
UnguUfu,  650. 
Liytgtiltda,  650. 
Lintkia,  390. 
Liopiitha,  749. 
Litharaa,  311. 
Lithaitomum,  594. 
Litkisiida,  164. 
Lil/tocardiim,  738, 
UthodotKU3,  711. 
Lithogaster,  563. 
Liilu^raphic  Umestones,  18. 
Lithomanlis,  594. 
LithaitroHoH,  387,  a8S. 
lAHorina,  781, 
Littorinida,  76 1. 
LituiUt,  S44, 
Litttitida,  844. 
Lituola,  138. 
LituoUda,  laa,  isg. 
Lobiitt,  856. 
Lahocarcinus,  567. 
Locusta,  597. 
Lo/iusia.  139,  130. 
Lonsdaliia,  aga,  393. 
Lophohtlia,  a63,  367,  368, 
Lophophyltum,  395. 
Lpphostrida,  304. 
Lophostrii,  304. 
Lericvla,  500,  503. 
Zmawfma,  784. 
Lucernaria,  195,  ao6. 
Luctmarida,  soiS. 
Lacina,  746,  747. 
Lucincuta,  -jifi. 
Lucinida,  7461 
Luidia,  39a,  393, 
Lumiricaria,  484. 
Lumbricoiureilts,  479,  480. 
Lunatia.  779. 
LunulUaraiidir,  739. 
Luaulicardium,  739. 
Lunulites,  638, 
Lulraria,  74a. 
Lychnocanium,  149. 
Lytnnocardium,  738. 
Lymnorea,  iBo. 
Lyonsia,  749. 
Lyopomata,  649. 

Ar™.  67S- 
Lyrodtsma,  713,  717. 
Lyropora,  6a6. 
Lyssakina,  168. 
Lyteceras,  859,  B60. 
Lytoceratida.  B59. 
Lyttonia.  678. 

Attulurta.  773,  773. 
MacrocM^lut,  784,  785. 
Macrodoit.  713. 
Atacropmtastts,  390. 
Aiacroscaphilet,  B6t}. 
Afacrura,  563. 
Mactra,  741,  743. 
MactridiF,  741. 
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Madnpora.  :joB,  $09. 
Madrtpitrarta,  a6-3.  ^£4. 
Madrrpttidit,  308. 
AfiTiiHdntiti.  a7». 
MsaKtSmpsra.  fell. 
i\flraK^fn^spoHgidx^  tj^, 
AfagjSi.  675. 

Nlaciu^siaD  limestone,  37, 
MaiacoJtrmata  (ZsnfMtln'a),  363. 
Miitacmtraia,  556. 
MalUus.  704. 
M'iiiufhaga,  59a. 

Mandibles  of  CepIialo[iods,  83a,  807,  8a8. 
871. 

Miintida,  597. 
MargiiteUa.  797. 

MarmpiUs,  44a. 
Manvpiiida.  \\i, 
\farliiia,  745. 
Maifcj-nrti,  188,  1564. 
Mmlosia,  167. 
Mathtria,  734. 
Ma-nmia.  57 B. 
Mttockirui,  564. 

AftjKlilei,  3rf. 

Mfgalijtii.  534,  535. 
Aftgaledeu,  735,  73,6. 
\tigalodoaHda .  735. 
MtgcthiHus,  714,  716. 
Sdtgamovina.  164. 
.tfej,'anftri!,  -671;. 
M^/^pkyUita.  B59. 
Mtgerlia,  675,. 
MegittiKriiiU!,  43S, 
.l/f/aaia,  785. 
Melaniida,  785. 
Mtlanopsis,  785. 
Mtiina.  704. 
Mtlilkaa.  337. 
MflSitioaiStr,  17C. 
MtiDifiaitfir,  436.  439. 

McluiirUii.  167, 

Mtinnts^ni!,  796. 

AUlnitUes,  376. 

Aftmhraxipara ,  ^35. 

MttRbrantpfrridii,  633. 

Menociphalus,  531. 

Mini^hfUum,  995. 

Mirttnx,  737. 

Hftringosemn .  4719. 

Mtriiia.  £66,  &^. 

MtriiUth.  666,  667. 

Mirmis,  46g. 

Merotiomalo   546. 

kftmiine,  37a, 

Ufititiiripera.  617,  61B. 

Mt-wiJailuj,  463. 

XffSpihirinnj,  431.  ^ 

hMahlBifut,  463. 

hUiacriniii.  ^/^ 

Mttt'pioms.  jfa,  jfSj. 

Mt^/iria,  565. 

Afiamia,  594. 


Muheliitia,  316,  317. 

Micraitif,  369,  330. 
MinTotottihas,  474. 
Microcytius,  296. 
Micrvdmui,  545, 
MUredon,  71J. 
Micropora.  635,  636. 
Mhrvforella ,  636. 
M'crvpQrtitiila.  636. 
AfiCTVporida,  633. 
Aficrosaltaa,  305. 
Migi^ll'On;,  5a, 
Xfiiioit^,  124. 
\fiiiolida,  laa,  194. 
Miilipara.H'^,  334. 
MiiUriiTinus,  440. 
AlitduUtania,  aoo,  aoi. 
Miira,  797. 
Alodiela,  710. 
AtudiolL'psiiiir:,  71B. 
\l<i^iiiJi'fsii.  71B. 
Mudiouwrfhtt,  71B, 
Moilmra,  6S0. 
Afeltuscoiiiea ,  603. 
AfofUjrliaelJidiF,  l$ta 
MencrtT,  109.  110, 
Meniiepura,  34a. 
Monodvitta,  775. 
ilDHugrafiidie,  aij. 
Menogrjpltis.  aij, 
MonomtreJla ,  654,  655. 
Monomyary  Bivalves.  689,  £9a. 
MondpUitr,!.  731. 
Manoprionidiaa  Graptolitei,  314. 
iloncpieria,  703. 
Aionotis,  jOif. 
Mtmaliypa.  347,  356. 
MvnglryptUa.  35.6. 
JUirncxmia,  385,  3a6. 
MsHtaiuia.  706. 

Mvnfitali^ra.  347.  351,  354,  355. 
AfonCiculifioridrr,  346.  354. 
Mon(icilliporoids,  34.6. 
MoritlivaUiii ,  170, 

Mtpiea,  337,  jaS. 
Motekya,  374. 
MmrcatlJa,  637, 
JlIj^rcAdFonJc,  767,  768- 
Jilnrer.  796, 
Afuriciifa-.  796, 
Mtuia,  363,  364,  379. 
jl/yiJ.  742. 
Xiyasett^  74*- 
Mjialirtu,  708.  709. 
MyctdiuM,  304, 
Myidx,  743. 
ifyiarrij,  593. 
MyiolJiritti,  599. 
Afyorani,  511. 
Atycc.'itcJiti,  714. 
jmo^^rjn,  710. 
Mmamta,  4fis-  4^* 
Myriapoda,  580L 
.Uyriatoidtt,  636. 
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Mynmtleontida,  59S. 
Myat,  560,  561. 


Mya     _ 
MysitvpMara,  661 

', 

'. 

*, 
My\ 
Myxosfongia,  161. 


Aiyt. 
Mytilarca,  708. 
Mytilida,  710. 
Mytilus,  710. 


Mytilacta,  70a. 

H 
JAiIDj/OMll,  469. 

Mytoilomida,  469. 

Namocrinus,  433,  434. 

Narica,  779. 

Nana,  793, 

NasstUana,  145,  146. 

Natica,  779. 

NaticeiUi,  779. 

Naiicida,  778. 

Natiiopsis,  778. 

Nautilidir,  S44. 

Nauliloidea,  833,  B34. 

Nautiitis,  8a6,  837,  845,  846. 

Niara,  743. 

Ntbalia.  510,  jia. 

Nibaliada,  51*.  513, 

Ntbaliopsis,  jia. 

Nierocarcinui,  567. 

Necrogammarus.  557, 

Necroscilia,  563. 

Ntctotelson,  561, 

Ntmatoda,  4B9. 

Nemerteans,  480. 

NanerHles,  480. 

Neobolus,  651,  65a. 

Ntocrinoidea,  423,  4*4,  438,  445. 

Nealimulus.  549,  550. 

NtorinQfiis,  599. 

Neoscoi^ii,  579. 

Nireidavu!.  480. 

Nereitei,  480,  484,  485. 

Nerinta,  787,  788, 

NerineidtT,  787, 

Nerila,  777. 

NeriHda,  776. 

Ntritina,  tj-j. 

Neritodomus,  777, 

Niriloma,  777. 

Nerilefiidtc,  777. 

Neritopsis.  777. 

Neurotlera,  597. 

Nidulites,  187,  188,  1564, 

Nikus,  535. 

A'ln*?,  534. 

A'im,  784, 

Nodosaria,  131. 

Nodosinilla.  139. 

Nmionina,  134. 

Notkociras,  847. 

Nubtetilaria,  134. 

NacUoblastida ,  463. 

NucUobranchiata,  Boa. 

Nueltoipira.  667. 

Nucula,  715,  716. 

Ntmulana,  jij. 

Nttculanidir,  717. 

Nuatlidte,  714. 


NaeiiKna,  714. 

Nudibiancbiaie    Gastropods,    75Q,    7: 

800. 
Nulliporm-kalk,  35. 
NuUipores,  34,  35,  1496. 
Nummulitta,  134,  135. 
NtimmuliHida,  133,  133. 
Nummulitic  limestone,  lao,  136. 

OboUlla,  651. 

Obolidn,  650. 

Obolus,  6<i. 

Oceanic  Hydrotoa,  195. 

OctacHiullida,  177. 

OcHUanui,  536. 

Ociopod  Cepbalopods,  873,  88 1. 

Ocuiiita,  a(rj. 

Oculinida,  367. 

Oculoifongia,  180, 

Oifonftnnariii,  766L 

Oa^/cmtd.  784. 

Oidhamia,  305. 

OldhamiHa,  <^8. 

OUitellui,  539. 

OUnida,  538. 

VUnus,  530,  531. 

OU^ockata,  470. 

Ohpporus,  376, 

Ohva,  79B. 

OlivtUa.  798. 

Olividts,  798. 

Ollacrinu!,  439. 

Omfhyma,  38a,  388. 

Omscia,  793. 

Oniscidcr,  559. 

Oniscus,  559. 

Onychasler.  ^ca. 

Onyc/tophora,  583. 

Oolitic  stniclure  of  limeslones,  38. 

Operculina,  137. 

Ophidixeras,  844. 

Ophiltia.  771. 

Ofihiodtmta,  403. 

Ophioglypka.  400,  403. 

Ophimepis,  404. 

Ophiurtlla,  403. 

Opkiurida,  403. 

Ophiuroidea,  399, 

Ojrtj,  735. 

Opiathob  ranch  Late  Gastropods,  800. 

Qpptlia.  865. 

Orbicular  silica,  7. 

Orbiculoidia.  653. 

Orbiioides,  137. 

Oriiloliles,  125,  136. 

Ortulina.  133. 

OrcHeilia,  557. 

Onasttr,  398. 

Organic  types,  succession  of.  96. 

Oriostoma.  775. 

OrophxriHHS,  46a,  463,  4G4. 

Orotoi,  514, 

Or«w,  658,  659.  660. 

Orthisina,  661. 

OrtMoceras,  836,  837. 
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OrUuicrratida.  636. 

PaiaUtrina.  396.  397.                                            ^^^H 
Pataitrvprttm,  396.                                                 ^^^H 

Qrtk*itim»,  74). 

OrfiMwaM,  ^5. 

Paltekinmdta.  379,  373.                                     ^^^| 

OrtJmela.  741. 

Pakattam.  6i\.                                                ^^H 

AfAM/riM,  765. 

/UnnanU»,j£|.                                               ^^H 

Palintinii.  gSi;.                                                        ^^^H 

PaludiHa.  7801.                                                         ^^^H 

Ortimi*,  4}^.  4J7. 

PalaJiaidir ,  7S0.                                                            ^^^^B 

f        Ottraada,  503,  504,  5105. 

PanJtna,  53^-                                                                ^^^^H 

1      CMrw,  695. 

Pajtdom,  740.                                                           ^^^| 

I      Ottrroita,  6^. 

Pama-ftra,  743,                                                    ^^^H 

1       OilrtiJ-it,  69^1,  £9^ 

PajtarpiJa,  598.                                                              ^^^^| 

1      Ovarian  cupsiilMDrCraptoUies.  ^13,  014. 

Pallia.  C94.                                                              ^^^^1 

ODM/tm,  Tpi. 

PHjicr  NiiuEllus,  SSt.                                               ^^^H 

Oiym^Htnii,  Mi*. 

Papyridfn _  -aS.                                                       ^^^^1 

/'dr.ii^/ifTij.  531.                                                   ^^^^H 

Packattntlit,  163,  164. 

Puraiaxtiiit,  jsEt.                                            ^^^^^^H 

PaafyJtmni,  735. 

P<jri»Juxtfiff,  539.  S39>                                        ^^^^^^^^B 

«kWw".  314.  S'S- 

P.irallftodim.  713,                                                        ^^^^B 

I'iir^inuriita.  300.                                                         ^^^H 

PtieSjrfltria.  695.  699. 

Piirantialia.  513.                                                    ^^^^| 

Pofhynnna.  736. 

Parmflteiai,  745.                                                      ^^^H 

Pachxltickiiitia.  174. 

ParaimHia,  a7a                                               ^^^| 

PalMtii.  yib.  J07,  309.  3ta. 

Aif4r,>54*                                                      ^H 

PalmtKmirsi,  76a. 

/tacnraAw,  186. 187.                                      ^^^| 

Paitanatiaa,  750,  751. 

Aitr/Ai.  Ttia.                                                      ^^H 

Piiit.\r(a,  714. 

Pattilid<t.  76a.                                                         ^^^1 

PataAittT.  395.  396. 

Aiimyu.  58 1.  581.                                                 ^^^1 

P*lmekittui.  373,  375. 

AnwiwnSa,  331.                                                 ^^H 
P«Mly  NkirilllM.  8*6,  8*7,  SaSl                          ^^H 

/>«i^>.  SS9, 

Paiagina.  h6. 

i       PttiaSmachus.  567. 

Pttin.  701.                                                  ^^^1 

Fetliitatta,  698.                                                       ^^^^ 

PiaiaailaMna,  591,  593. 

Pettinaha,  ^11.                                                             ^^^H 

Pjiliwixemfa.  iZa.  tSy, 

I^citnaicil  rhombs  of  C)niM«u»,  450,                 S 

Pabrocani,  jjj,  501. 

4St.                                                                        J 

Palaiotarfilfu,  567. 

PfctiHiJtr,  700.                                                        ^^^H 

Patmeduw4a.  483.  1489. 

Ptritrntulns.  713.                                              ^^^H 

Atecnwr.  396.  397. 

PtdiKcfiii.  3S3.                                                 ^^^1 

fialmfttrymt.  aoo. 

Ptdipalfi.  377-                                                  ^H 

Pataatoiyttti.  ^£7. 

Pedunnilitcd  CIrrijHile*.  500.                          ^^^1 

AicDmtmiM.  557. 

Pttintifataa.  364,  40B.                                             ^^^H 

AA«anvM/a.  499. 

Ptiijrhit,  778.                                                        ^^^^1 

JMlMtriitMM.  493.  4fl4,  495,  445. 

PtlLillf!.  J79.                                                                                            ^^^1 

PalawytiiJa,  tifi. 

PtllixaHt.  ;n.  JIJ,                                               ^^H 
Ptltoctrat.  SM.                                                       ^^H 

Paiaocftlmt,  aBo.  aSi,  a96.  097. 

Palmecffrit,  J09. 

Pthtira,  531.                                                           ^^^H 

PaUKtjititti.  455, 

ptmfhtx.  tfl.                                                       ^^^H 

Palmodittyofttra,  S9»,  S93> 

Pen  of  Cuiilc-fltlic*.  S7a,  8^                          ^^^| 

Ptla^iseui.  39^. 
AtaMWMN.  IS7. 

PfHimi.  ^,  J64.                                                   ^^^1 
Ptiurofhs.  194.                                                      ^^^H 

AAMMjmr^.  6oa> 

Ftmatmlatta,  337.                                                 ^^^H 

^/yXmnig.  717. 

Pfmnata!i<lit.  3*7.  331.                                                         V 

Palatmtiita.  596. 

Peafatmt.  393,  397.  398.                                  ^^J 
PtHtacriiii£r.  441.                                                 ^^^H 

pAltcontoloipitzl  Record,  linperfectlon  oT, 

63- 

PtHlairit»i,  415.  441.                                           ^^^^1 

r>l3M>i)tOtc^<al  tonet.  j8. 

PfHtamfTtlla.  673.                                                 ^^^H 

FabrantoloKy.  rclalioiu  and  meihodi  of. 

/VnAiinfrBJ.  671.  &71.                                           ^^^H 

da. 

Ptntjilirmiltt,  461.                                                       ^^^^| 

PaUt^Urmm.  563. 

PlKttfJiyilim.  464.                                                   ^^B 

Palmifhrntii.  576. 

Prmtrrmilti.  439.  459. 4^0^  461. 4fia.  463.                    1 

^^atejrtjYw.  483- 

PrnrrrmiliJ»,  4*3.                                                   ^^J 

PatmeftHia,  709. 

Pr»trt—iti,Ua.  463.                                               ^^^H 

■'^•'*»™»'»*.  SS7.  S6i' 

rvrfontc  Comli,  306.                                       ^^^H 
P«fr«ra(c  Famminircn,  ibi,  laa,  E3f>.             ^^^H 

PtniiiUr,  390.                                                        ^^^H 
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Peridtnimm,  no. 
Perieekocriiuu,  406. 
Perifatus.  jSi,  jSa. 
Pertschodomiu,  yn. 
Periickoechinida.  373,  375. 
PeritfMncUt.  867. 
Perltda,  597. 
Pema,  704. 
Ptmoftcten,  701. 
Penuutrea,  697. 
Ptrontlla,  179. 
Petraia,  065.  367. 
Pttrastir,  35J6. 
Pttriada,  73S. 
Phac^ida,  541. 
Phac^,  541. 
Phaara,  557. 
PhanasckuiHa,  463,  464. 
Phaodaria,  145,  146,  147. 
PkaloKgida,  577. 
Pkaiaranta,  58a. 
Phaiurtaonia,  yfj,  398. 
Pkatttroius,  17B,  179,  iSo,  iSi. 
Pkartirottida,  179. 
PMantrvitengia,  181. 
PhasiaiuUa,  775,  776. 
Phcumidtt,  597. 
Pkillipsasiraa,  384.  a9a 
Philltfsia,  538,  543. 
Photadida,  744. 
Phaladidea,  744,  745. 
Pholadomya,  751. 
PholadomyiiUe,  751. 
Pkolas.  745. 

PitoUdofhyUum,  383,  396. 
PhormoiBma,  380. 
Pkorus.  776.  777. 
Phosphate  of  lime,  15. 
Phragmoceras.  840.  841. 
Phragmophora,  874. 
Phryganeida.  598. 
Pkrynidta.  579. 
Fhrynus,  580. 
PAlkanocoris.  595. 
Phylactolaemaious  Polyzoa,  61s, 
Phyllocarida,  512, 
Phylloceras.  858,  859. 
PkylloceratidiE,  858. 
PkyliodociUs,  484.  485. 
Phytlograpiida,  330,  33 1. 
Ptiyllograplus,  aao,  331, 
Pkyll^oda,  510. 
Phyllopora,  626, 
Phyllosoma,  564. 
Fhyltoleutkis.  880. 
Phymechinui,  383. 
/':*)'/a,  814. 
Physophorida,  195, 
Pikermi  beds,  46. 
PiUolus.  777. 
PileopHs,  764. 
Filocenu,  838,  839. 
Pinacoceroi,  858. 
Pinacociratida.  857. 
Pinacopora,  338. 
Pinna,  709. 


Pinnatopoftt,  637,  638. 
Pifmida,  709. 
Pirtaa,  785. 
Pisania,  795. 
Pitidium,  73S. 
Piiotrinus,  433. 
PUu^itUa,  iSj. 
Plaeoparia,  537. 
Plaaitrockus,  366. 
PUuvna,  697,  698. 
PlacMHopsis,  698. 
Piagioptychus,  733, 
Plagioitoma,  700. 
Planolita.  483. 
Planorbis,  814. 
Flanariuliiui,  133. 
Plasmopora,  338. 
Plattphemtra.  594. 
Platyieras,  764,  jiSs. 
PlatyckoHxa,  167. 
Plaiyeririid<E,  437. 
Platycrinns,  427,  428. 
PlatyschiiBta,  771. 
Plaiyitoma,  765. 
Plalystrophia,  659,  660. 
Pltcfammmitti,  663. 
PlecloiUrma,  173. 
PUnaitrita,  373. 
PUsiofuHgidct,  303. 
PUsioporttida,  305. 
PUsioteuthis,  SSo,  881. 
Pklhospongim,  i6o,  161. 
Pleurvtranehidcr,  803. 
PUuroctra,  785. 
PUurocyslitts,  449,  451,  . 
PltHrodUlyum,  316,  3:7. 
PUumgraplu!,  316. 
Pleuromya.  748. 
Pleuronolm.  773,  774. 
PUurope.  176. 
Plfurophorus.  7*3.  724, 
PUuropygia.  649. 
Plturotoma,  799. 
Pleurolotnaria .  765.  766, 
PUurolomanidtr .  765. 
PUurotomida.  799. 
Plicalocrinidit,  440. 
Plicalocrinus.  440. 
Plicatula.  699. 
Plintkaseila.  167. 
Plocoscyphia.  175. 
Plumasltr,  399. 
Plamulitei.  501,  503. 
Plutonia,  529. 
PocHlopora,  344,  369. 
Pocitloporidit.  268. 
Podocyrlii,  148,  149. 
Podophthalmate  Cnislac 
Podoierii.  304. 
Podura,  593. 
Paciiasnia,  496,  502. 
Pxcilopoda.  546. 
PoUr-schiefer,  33,  1490. 
Pollicipes,  503. 
Polychselous  Annelides, 
Piitycalia.  365.  367. 
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Poheope,  507,  508. 

Polfcoftda,  508. 

Poiycypkut.  383. 

Polycyilina,  145,  146,  147, 

Poiyplaci^kora,  8i6. 

Polymorfkina,  131, 

PoiyfheiH«fns,  7B7. 

Pohfora,  634. 

PolysloMtUa,  134, 

Polytrema,  133, 

Polylrtmiuis,  335. 

Polylremaria,  766. 

Polytoa,  604. 

Pontocypris,  509. 

PoramSoniUs,  &ja. 

PerctUia,  767. 

PorceUie,  559. 

Portlla,  637, 

PeriUi.  310. 

Poriiida,  306,  309,  310. 

Poracidart!,  379, 

Parotfhtzra,  aoa 

Pondonia,  707. 

pBsidoniella,  706. 

Potidimomya,  jaj. 

Potamidti,  7B8. 

Pottrioceras.  B43. 

Pottrioctratida,  S43. 

Poleriocrinida,  435,  436. 

Poteruarinus,  418.  436, 

Praarclurus,  559. 

Prtteardiida,  751. 

Pracardium,  751, 

Pnuina,  70a. 

Prasofiora,  351. 

Pneitwiikia,  550. 

Primilia,  506,  507. 

Prim»oa,  300,  331. 

Prionastraa,  372. 

pToboicina,  616. 

Pradiicla,  655,  656,  657. 

Prodiuiella,  657, 

PfoducHda,  655. 

Proetida,  54a. 

Pnxtut,  548. 

ProgonoMaltina,  593. 

Ptopora,  338. 

Proscorpim,  578. 

Prosobraochiaie  Gastropods,  760. 

Prosofon,  567. 

Proioponiscus,  557. 

ProtaeAilUum.  167. 

Protaraa,  306,  309,  311. 

Prolatttr,  404.  405. 

ProHchiUUs,  514,  535. 

Protobalanus,  499. 

Prolotaris,  514. 

ProloeysHUs,  451. 

Protolimulus,  550. 

Prololycosa,  575,  580. 

Protcfkantra,  1B4,  1B5. 

Prvl«pJuuwui,  594. 

Protophiurida,  404. 

Protoserit,  304. 

pTotojfongia,  157,  169. 

Proto^ton,  179. 


Prvtosyngnaika,  583. 
Prototoa,  109. 
PmmmiMa,  739. 
PsammoHida,  739. 
PsamtHoearcinui,  576. 
Psatdastactu,  564. 
Pseudaxonia,  336,  337. 
Pieudedmondia,  739, 
Pstudocrania,  654. 
Pstudocrinus.  4S& 
Pseudodiadema,  381,  38a. 
Pstudo/ungida,  arjy 
PieudonuJania,  76^. 
Pstudoimlaniida,  JZ4. 
Pseudomonoiis,  703,  704. 
Pseudonniroplera,  597, 
Pseudaitiicui,  549. 
Pseudoscorpionidm,  577. 
Pseudoturoinolida,  sib&. 
PsilocepMalus,  535. 
Psolui,  4c6,  407. 
Pteritua,  707. 
PItrocarii,  513. 
Ptcroctras,  789,  790, 
Pteronitet,  703. 
Pteropoda.  803. 
Pieropodal  limestone,  34,  805. 
Pteroilema,  781. 
Pterolkeca.  807. 
Plerygomeiopus,  541,  54a. 
Plentmtui,  553,  553.  5J4,  555. 
Ptiiodictya.  6a8,  629,  630^ 
PlilodictyoHida,  638. 
Plilograplia,  304,  305. 
PHIakaster,  404,  405. 
Plilapera.  6a6. 
Ftyckites,  863. 
Ptychilida,  861. 
Ptyckoceraj,  860,  861. 
Ptychophyllum,  398, 
Puriuncuivs,  807. 
Pulmonate  Gastropods,  8ta. 
PuMHulina,  133. 
/'k^,  813. 
Purpura,  794, 
Purptirida,  794. 
Pitrpuroidta,  794. 
PustMlopera,  G18, 
Pygaiter,  384,  386. 
Pygaulus.  388. 
PycHogoniaa,  575. 
PygMtphalus.  563. 
Pygiirvs,  388. 
Pyrantidella,  784. 
Pyramidtllidct.  783. 
/>»yio,  343,  343, 
^>yo«a.  499. 
Pynna,  387. 
Pyrvln,  793,  796. 

Quenstedtia,  740. 
Qaiaqutloculina,  laf. 

Radiata,  190. 
Padiolaria,  144, 
Radiolarian  coproUttt,  ^4}^. 
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Radiolaiian  ooze,  14GL 
RB(lk>Iariui  quaitiitei,  147. 
RttdiolHes,  734. 
Radiopora,  619. 
Jlmulla,  793. 
Kafana.  794.  795. 
Sastrites,  S1I5,  3i6. 
Rtceflaeulitts,  170,  171,  17a,  173. 
Rteeptaculitida,  170,  1563- 
Red  Coral,  327. 
Redonia.  716. 

Reef- building  Conls,  356,  957. 
Regular  Echinoids.  378. 
RamofUurida,  538. 
RoKopUurida,  536. 
Renitra,  163. 
Rensselizria,  675. 
Reftaria,  617, 
Reqvitnia.  730,  731. 
ReUpora,  609,  610,  6a6,  637,  63B. 
Jtiieforidie,  637. 
Rettolilei,  930,  33 1. 
Retitlitida,  319. 
Xe/nn,  666,  667. 
Rhabdoeeriu,  857. 
RhaMocidaris,  379. 
RhaidoMtsoH,  633,  633. 
RhabdomenrntidiE,  633. 
Rhatd^kora,  310. 
RhatdofUura,  aaa. 
Rhafktslama,  767. 
Rhifidog^,  373. 
RAitangia,  370. 
Rkiiecephala,  497. 
Rhitocrinits,  441. 
Rkitomorina.  164. 
Rkitopkyllum,  399,  301. 
Rkixopoda,  109. 
RkitBpoterion ,  175. 
Rkitoslomida,  306. 
RkitoslamHes,  307. 
Rkodansa,  311. 
Rhodocrinidit,  438. 
Rhodocriaus,  419,  438. 
Rkoeckinus,  377, 
Rkembina,  508. 
Rkombopora,  610. 
Rhopalaslrum,  149. 
RkynckoHtei,  838. 
Rkynckonella,  669,  670. 
RkynckoniUida,  66g. 
Rkynckufiorina .  670. 
Rhynckosfira,  668. 
Rhynchola,  595. 
Rkynckoteuthis,  838. 
Riheiria.  511. 
Richmond  earth,  34.  1490. 
Rimula,  763. 
Ringicula,  801, 
Risioa,  780,  781, 
Rissoida.  7B0. 
Riiioina,  781. 
Rotuiina,  131. 
Rocks,  classL&calion  or,  9. 
Roemtria,  319. 
Romingeria,  319. 
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RosauUa,  333. 
RoiUUaria,  790,  791. 
Rolalia,  133, 
Rolalida,  133. 
Rudiita,  73a. 
Rvgosa,  356,  363,  364.  376. 
RusickMiUi,  535. 
Rutcfkycus,  535. 
Rutolia,  706. 

SabtUa,  471. 
Saitllaria,  471. 
SoffaMMijui,  136. 
Saccotoma,  444.  445. 
SacCBComida,  444. 
Sactoceras,  840. 
Sagtctras,  85B. 
SaUnia,  379. 
SaUnida,  379. 
SttlUomaria,  635, 
Salieemariada,  634. 
Salmacis,  383. 
Saltingastoma,  769. 
Sahertlla,  S08. 
SanguinoliUs,  750. 
5i>0,  539,  531. 
Saxiaaia,  743,  744. 
Scalaria,  761,  783. 
Scalariida,  781. 
Scalitt],  jirj. 
Scalfeilum,  50a, 
Scafkandtr,  803. 
Seafkiocriitu!,  436. 
ScapkiUs.  868. 
Scaphopoda,  819. 
Scarabaida,  601. 
Sckitas/er,  390. 
Sckitablasluj,  463,  464. 
Sikivurrania,  654. 
Sckixodisnis,  511. 
Sckitodus,  73a 
Sekitopkolis,  651,  65a. 
Sckitopoda,  560,  561. 
Sckiiaportllii ,  636,  637. 
Sckitosioma,  771. 
SckioeniiwAia,  863. 
Sckmidtia,  650. 
Sciittilia,  736. 
Sciisurella,  775. 
Sclervgorgia.  338. 
ScoUctda,  469. 
ScoUoMUrma,  475. 
Siolioitonm.  783. 
Scolilkui,  48 1. 
Scorpiadea,  577. 
Scorpion,  573,  574,  577. 
Scorpion -flies,  598. 
Scrobicuiaria,  748. 
Screbitalariidn,  747. 
ScmpoctUaria,  634. 
Seulda,  563, 
Sf«/«//a,  369.  385. 
Scyllarm,  565. 
Sea-anemones,  341. 
Sea-cucumbers,  406, 
Sea-urcbins,  366. 
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jy  rocks,  origin  of,  ti. 

638. 
'a.  638. 
[.  164,  t(A, 
8. 

\ium,  635. 
.88a 

1,  874,  879. 
I,  946,  37a. 
11. 
63B. 
90. 

a,  963,  a66,  269. 
.71,  473.  473' 
.475. 
<a,  303. 

■ripedes.  497.  499. 
ella.  18a. 

0,  545. 
198. 

irganic  deposits,  33. 
an,  7. 

fllE,    160. 
40. 

'.783- 

,868. 
a.  815. 
late,  815. 

Biva]ve<>,  691,  693. 

167,  168. 

ttatium.  Sao. 

omaious  Gastropods,  760,  761. 

'ta.  652. 

1.  660,  661. 

555- 

Ihj.  a66. 
>90. 

■37- 
iij,  593. 

'<".  443- 
.774- 

774- 

193.  397.  399- 
;,  740. 
748. 
(,748. 
I, 

740. 
.  785- 

1,  aoo,  301, 
.  74'- 

739. 
id.  389. 

r.  390- 
ris.  85a. 
'nia,  199. 
■nui,  383. 
'.hus,  537. 
».  738- 
f"r  45J- 
•ngia.  173,  1564, 

f"r  734- 
w,  :74- 
cAu^,  a66. 

;99- 


Sfiriaiis,  B05. 
iifiriftra,  664,  665 
Spinftr^ttt,  6iS4. 
SfirTftrina,  665. 
Sfirtftra,  666. 
Sfirtlliiia,  133, 
Spirocyalkm,  184. 
Sfirofcra,  618. 
Sfirorbis.  47a,  473. 
S^rula,  B73,  B75. 
Sfimiida,  875. 
Spinilirotira,  878. 
Stondylida,  69S. 
Spondylus,  698,  699. 
Spougilla,  158. 
Sfongiiiidit,  155. 
Spongillofiis,  163. 
SpongiUi,  161. 
SfoHg-oMyiium,  386. 
Sporadi^ora,  335.  339. 
Sporadofylt,  174. 
Spunullaria,  145,  147. 
SquiUa,  563. 
Stacheia,  139, 
Stapkylinida.  601. 
Statiractintlia,  16S,  174. 
Slaaria,  864,  373. 
Staurida,  373. 
StaunKtphalus,  537, 
Slaurademui,  174. 
Staurodtrmida.  174,  176. 
Stauronema,  176. 
Ste/idiacrinas,  437. 
SUllasUr,  ^. 
SUlliipongta,  180. 
SItnaster,  396. 
Slmoeriniis,  434. 
Steaopora,  350. 
StenaicAiiMa,  671. 
SUfkaniistrum,  149. 
Sltfhaitoceras,  866. 
Stephanectralidie,  865. 
Stepkanophyllia,  308. 
Slereoplasma.  345. 
SUctopora.  630. 
Sticioperida.  630. 
Stolietkaria.  307,  3x9,  939. 
Slomatia,  770. 
Stomaliidte,  770. 
Slomalopcda,  561. 
Stomalofora,  616,  617. 
Stomaieporidir.  616. 
Stomechittus,  383. 
Stone-flies,  597. 
StraparoUui.  770,  771. 
Strata,  contemporaneity  of,  46. 
Sinblopttria,  703. 
Streptaefitlia,  137. 
Sirepiiplera,  boa. 
Strtpitiaima,  378,  379,  38a. 
Streptorkynchus,  663. 
Slruilepora,  315. 
Siricklandia,  679. 
StrUtlandinia,  673, 
SIringocephaJida.  676. 
SiriHgoctphaliis,  676,  677. 
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SiroHlefis,  ^i. 
StroHlocyihtes,  453. 
StroMatacHs,  31. 
Stromatopora,  335,  336,  337. 
Slromaioforeila,  336,  337. 
Stromaiopormdta,  339,  1 564. 
StromMaa,  789. 
Sln>mbodes,  187. 
Stromim,  789. 
StroHgyioceMtrotui,  363. 
Strofhalosia,  637. 
Strofkomtna,  659,  660,  661,  663. 
Strafkomenida,  65B. 
Sirofikostyliu,  765, 
Stykna.  535. 
Styiaraa,  311. 
SfylasUr,  335,  336. 
StyUtsUrida,  335. 
Sty  Una,  373. 
Slyliola,  805. 

Styliala-limestone,  805,  B06. 
Styiodiclya,  14S,  149. 
Stylommatoplara,  811. 
SfyloHnrvs.  SS4.  535. 
Stylophora,  344,  345,  36B. 
Subniilet,  786,  787, 
Subulitida,  786. 
Succeuion  of  organic  types,  96. 
Suceinea,  813. 
Sitestia,  665, 
Sultator,  burrows  of,  4S8. 
SuUuHa.  508. 
Sulphate  of  lime,  14. 
SyeoH.  179. 
Syconti,  179. 
Syconida,  179. 
Symialkocrinida,  43s. 
Symbalhocnnn!.  433. 
Synapta,  406,  407, 
Synaftychut,  851. 
Synluliii.  3&7,  368. 
Synocladia,  638. 
Syringavtmina.  137, 
Syringolilts.  318,  319. 
Syringopkytlum,  333. 
Syringopora,  319,  331.  333. 
Syringoporidtt.  319,  330,  331. 
Syrin^iphara.  337,  339. 
Syringospharida,  339, 
Syringothyris,  665. 

Tabulate  Corals,  364. 

Taniasler,  405. 

Talitrus.  5516. 

Tancrtdia,  739. 

Tancredida,  739. 

ra>-^.  73?- 

TaxiJcnnitfii,  431. 

Tiu'Dcnnuj,  431.  445. 

Tecti  branchiate  Gastropods.  800. 

Ttichimid/c,  179. 

Tellina.  747. 

TtUinaeca,  747. 

Ttiliitida,  747. 

Ttllinomya,  716,  717. 

Ttmnechutut,  383. 


TVwtnKAnVM.  S46. 
Tenebrionida,  6ai. 
TtntiuuUlet.  808,  809,  810. 
TtntacuHHda,  808. 
TertMlum,  790, 
Ttrtbra.  799. 
TertbraUlla,  675. 
Ttrebratula,  673,  674. 
Tertbrahdida,  ^3. 
Ttrtbratulina,  674. 
Tcrebrida.  799. 
Terebrinstra,  675, 
Tertdina.  745. 
Tertdinida,  745. 
Teredo,  745,  746. 
Tenniles,  597. 
Terquemia.  699. 
Tessellale  Cnnoids,  433,  434. 
Teitaalla,  811. 
Testatellida,  Sil. 
TVMjM.  163. 
Tethyopsis,  1&4. 

Telrabrauchiate  Cephalopoda,  8a& 
Tetratidaris,  378,  379. 
Tetracladina,  165. 
■  Tetracoralla,  376. 
Tetractineltida,  163. 
Tetradiida,  340. 
Tetradium,  34a,  341. 
Ttlragouis,  173. 
Tetragraptas.  317. 
Tetraprionidian  Graplolites,  aao. 
Testularia,  xyii. 
Ttxtularida,  133,  13GL 
TAalaminia,  199. 
Thalassicolla,  144. 
Thalasiolampe.  144. 
Thamnograpttts,  305. 
7hi3umjltocrinuSt  438,  443. 
7'4<'cfl,  807. 
Tkecapkora,  197.  303. 
Tfucia,  333,  333. 
Thecida,  333,  333. 
Thecidea,  678. 
TheHdiidtt,  677. 
Theciditim,  frn.  678. 
Thectxyathus,  366. 
7'Aci'<>^jaini»u>.  308. 
Thecosmilia,  370,  373. 
Thecosomatous  Pleropods,  803,  804. 
Thecoitegiles,  333. 
Thelyphonus.  580. 
Theonoida,  630. 
/"Af/ii,  738. 

Thinning  out  of  beds,  73. 
Thiolliericritttts,  443,  443. 
T/toliasterttia,  178. 
Tkoraeiea  {CirripeJia),  497. 
Thtrriuestrata,  559. 
Thracia.  ■J^if. 
Thyonidium,  406,  407. 
T'^tymnvra,  593. 
Tiaracrintis,  453. 
Tinop&na,  133. 
TilanopkaiMa,  594. 
7-./yi«,  579. 
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TonmUlla,  Sot. 
TomabUulit,  Soo, 
Tomlminia,  17^ 
Toxocerat,  669. 
TracAjKtrai,  857. 
Trachyderma,  475. 
Traciymedusa,  aoc 
TrachyHtmida,  3o6. 

Trathyfora,  315. 

Tracks  of  Anoelides  and  Molluscs,  480, 

484. 
Trapenum,  736. 
Tremabolilts,  175. 
Trtntacystia,  I  Bo. 
Trttnadictyon,  174. 
Tramiifta/if J,  769. 
Trematii,  651,  653. 
Tremalodiicui,  149,  846. 
Trematoifira,  668. 
Tretenttrata  {Braehi^oda),  649. 
Triairinns,  43a. 
TViV^na,  60a 
Triartkrus,  53a. 
TriikiUs,  710. 
Trichottenx,  597,  598 
TrUalocrtHUi,  463. 
Tridacna,  jarj. 
Tridaatida,  737. 
Triforit,  789. 
Trigontllites,  851. 
Trtfonia,  719,  730. 
Tr\goHiid»,  719. 
TrtgoHodut,  733. 
Trtfanoitmui,  675. 
Tnlo&ila,  516. 
TrimereUa,  654,  655. 
TrimeriHida.  654. 
Trimtroitphalus,  541. 
TrinucUida,  544, 
TrtHiuUus,  544,  545. 
Triflesia,  (yja. 
>rripoU,  33.  1490. 
Trivia,  791. 
Triton,  793. 
Trifenium,  793. 
Tritotiiidii,  793, 
TrwAdHiPii'i/a,  139. 
Trockida,  -j-J^ 
Trockobolus,  174. 
Trochoceras.  844. 
Trochoceralida,  844. 
Trackoeyatkus,  a66. 
TrechecytHUs,  451. 
Trockoiihs,  844. 
Trockonema,  776. 
Trtxkolrris.  304- 
Trochosmilia,  370. 
TrxwAoAtna,  767. 
Trochui,  774. 
Troosloblaslida,  463. 
Trooilocrinus,  463. 
Troflum,  796. 
Tropidatttr,  399. 
TrofidoUfhis,  661. 
Tropitis,  856. 
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Tropitida.  856. 
TrUHcaUlla,  7S6. 
Truncatellida,  786.  ' , 

Tnineatuiina,  133, 
Trybtidium,  763,  763. 
Tubicolous  Annelidei,  471. 
Tubifora,  336,  338,  339,  330. 
Tubtporidm,  330,  33$. 
Tubularian  Zoophytes,  197. 
Tubuli^a,  bxi. 
Tubultforida,  616. 
Tuiuiosa,  364. 
Tudicla.  796. 
Tanicata,  603. 
Turbinaria,  310. 
Turbinella,  795, 
TurHnida,  775. 
Tvrbinolia.  366. 
TttrbiHolida,  365. 
r«rA,,  77S. 
TurboHilia,  784. 
TVrrJifBJli,  797. 
Turriltpoi,  joo,  501,  joa. 
TurnlUes.  B60,  861,  863. 
TurriteUa,  78a,  783. 
TurriUllida,  783. 
Tyiaifoma,  779. 
?5^M.  796,  797- 

UmboHiuKi,  77 J. 

Umbrella,  803. 

Undta.  667,  668, 

UEiconforniability  of  striila,  69,  70. 

Ungvlina,  739, 

Vngiilinidm,  738. 

UMicardiida,  739, 

Unicardium,  739. 

r/nio,  731. 

Unieitida.  700. 

Vnilrypa,  636. 

Urailtr,  399. 

UrasterelUt,  396. 

f/n^,  559. 

Vagimiliiia,  131. 

VaUncienittsia,  815. 

Valvata,  780. 

Valvular  pyramid  or  Cjrstideans,  449. 

yaivulina,  199. 

riiniitarv,  779, 

Vanvxemia.  714. 

y elates.  777. 

Velutina,  765. 

Velutinida.  765. 

Venericardia,  733. 

Venerida,  737, 

Vtttertipis,  737. 

Veittriculites.  ij$, 

VtntricuUlidee.  1 74,  175. 

VetiHt.  737. 

Vermti,  468. 

Vermelidee,  783. 

Vertnetut,  783. 

Vermilia,  47a. 

Cfmifa,  499,  500. 

Verrucida,  499. 
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Vtmuacttlia,  174. 
Verruculina,  167. 
Verticittitts,  iBo. 
VesHnauHlus,  846. 
Vtivlina,  165,  167. 
Vincitlaria,  035. 
yiiuulariiiUi,  635. 
Fmh,  t6a. 
Vivipara,  7S0. 
Valuta,  797. 
VoluHda,  796. 
VoluHHthei,  797. 
yeliitomiira,  797. 
Vuittlla,  703,  704. 

(CdiMAiMia,  643,  645,  646. 
Websleria,  336. 

White  Ants,  597. 
K'i/Jfxofn'a,  564. 

Xanlhiiitti,  567. 
Xaniho,  567. 
Xantkopiu,  567. 
XatasUr,  397. 


AintMMtini,  594. 
XenefMora,  776. 
Xenopkorid*,  Tj6. 
XiMostira,  546. 
A'i/j|0i^Mu,  878. 
XrlMus,  584,  585. 
Xytophaga.  745. 
Xylofhagtlla,  745. 

Yaldia,  717. 

Zapkrenlida,  394. 

Zapknntis,  247,  36a,  377.  a8i,  sSa, 

Zapkreittoiiiea,  084.  393. 

Ztaerinus,  436, 

Znlleria.  674. 

Zithui,  539. 

ZMUtMarm,     36i ;     Z,     malaaxieni 

363 :  2.  scUroiatUa,  363  ;  ^.  a-i^ 

no/a,  063. 
Zoniles,  8i3. 
Zoocapia,  499. 
Zygospira,  669. 


1593 


II. 


INDEX    TO    VERTEBRATA. 


AhderiUs,  ia6a 
Acanthaspis,  965. 
Acanthias,  939. 
AcanthiAatis,  934. 
Atanthodra,  965. 
Aeanthodertna,  1015. 
Acanthodes.  9615. 
Acanthodida.  966. 
Acanlhodopsis,  966. 
AcanthaUpis,  965. 
Acanlhophalii,  1161. 
Aeantkopirunis,  1015. 
Acanthofsii.  looo. 
Acanthopttrygii,  1005. 
Acanthuru!.  loio. 
Acanui,  1013. 
Accipitres.  1339. 
Acdtilii.  1268. 
Actntrophgrus,  983. 
Actralherium,  ijf^- 
Achitnodon.  1333. 
Achtloma,  103a. 
Atfultmia.  1103. 
Achyrodon,  19715, 
Acic/uljrida,  iios. 
AcUhtlys,  1103, 
Aciftnscr,  975. 
Aftpatserida.  974. 
Acifenseroidea,  974. 
Actprien,  1139. 
Aeodui,  931. 
Acomyi,  1418. 
Acothtrubim,  133a. 
Acrodui,  943. 
Acrogaittr,  loii. 
Aerognathus.  994. 
Acreitpii,  978. 
Acronurida,  loio. 
Aen/Mums,  1137. 
Aerofemnut,  984. 
Actemaurus,  1143. 
Aclinobalis,  933. 
Adinodon,  1031. 
Adapts,  1466. 


Addax,  1348. 
Admoderma,  1095. 
Adeat/uriutn,  1339. 
Adiposorex.  1459. 
Adiposaricidm.  1459. 
Adtposaricultu,  1459. 
Adocida,  1 106. 
Adoeui,  1106. 
Adrioiaurtis,  1 1 39. 
jEchmodtts,  983. 
/Elurictis,  1446. 
/Elurodoa,  1433. 
j£!vrogalt,  1446. 
^turopsis,  1445. 
j^lnrosamnis,  10381  15*9- 
•^luru],  1430. 
Aialodoit,  1189. 
Aipichihfs,  1009. 
j£pyQmis,  1335. 
jEpyomiUus,  1335. 
Mpyomithida,  1335. 
jSfyprymaui,  ia86. 
jKpysaums,  1I79. 
j^lhalien,  989. 
Aitoialii.  936. 
Aitoiauria,  1183. 
Aitosaurider,  1183. 
i^AbMur-Bj,  1137.  11S3. 
Agama.  1139, 
Aganiida,  1139. 
Agassitia,  989. 
Ag-ilhaumas,  1154. 
Aglossa,  1043. 
AgnopUnis,  1838. 
Agomphta.  1100. 
Agrtxharvs,  1338. 
,^  i>wA  Mj-j = Aipicklkys. 
Aistopoda,  1024. 
AlacMlhtrium,  1434. 
Altutaga.  1416. 
Aljslar,  1461. 
Alaudida.  1343. 
Alauda.  1^43. 
^iiTii,  1333. 
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AUtdinida,  1341. 
AUelaphai,  1347. 
Akei,  1341. 
Akidit,  la^a, 
Akftoridfi,  1333. 
Alrlorm!.  1233. 
Alligator.  1196. 
Aitod^it,  1370. 
AlloUfaJafjis.  983. 
AiCotati.  1431. 
Altofiiniron,  iiiC. 
Aihp!,  1374. 

AtUsSilUFltS,  1168. 

Alitftciitii  945. 
Aiitsa,  996, 

Aiytes,  [cxf3,  xi. 
AtHbli'lhtrium.  1076. 
AatlyclimBs,  1453. 
AHtHvpharyn^aH.  jooi. 

AntiJy/loifa,  13S3. 
AmiiyZ-riiai,  931. 
Amhtyptemi,  97B. 

Ambfyrkifi,  1415. 
AntbJnlumii.  1041. 
Amiiyaru!.  9S3. 
jfnia,  991. 
Amiida,  990. 
Amiiiiiien,  9SS. 
A-mift^s-  9^'- 
A  mphiiamus,  1024. 
Amphibia.  lotB. 
Ampkiittm.  1304. 
Aiapkici^lyiia,  109 1, 
Amphicaliai.  1173. 
Ampiicoiyitis,  itgx. 
Ampkicih.  '438. 
Amphuynodiiit,  143(5. 
Amphicyoa.  1434. 
Aiaphid\f*afturiufr\,  145^- 
Ajaphitxiys.  lto6. 
Amphilesici.  1274- 
AmpkifcriUhtrmm,  laBr. 
Atapkiplit^a.  1014. 
Ampkiriina.  :o44. 
AmpkiiJiirHi.  1166. 
AmphistU,  1005, 
Amfihimrfx.  14S7. 
Antp/iiilinm.  tooS.. 
Amphilheriidit,  1373. 
Amphilh^riam,   1276. 
Amphilragula!.  1338. 
Amphiiyfiis,  1Z74. 
Amphiuma,  io4t. 
Amp/i«t{ea.  99S, 
Amynird-j't,  I3^3i 
Afnytfiid^niidit.  13^5- 

AHtificms,  1001. 
Anipioawrphut,  1467, 
Anas,   1336. 
AiulidiF.  1336. 
Aiihihipfitii.  I3j8. 
Anchippedontids.  1408. 
Ancktppodus,  1408. 
Atu/uppus,  1359. 


AaeAcsaitridit,  1166. 
AiuAiummj,  1166. 
AnihilJuriiim,  135S. 

AuHitradai.  ittlS. 
AHcylofata.  1373 
Antylnlherium,  i'ij%- 
AnJriaj,  1041, 
Amaskylum,  toio. 
Anguida,  J 140. 
Anguiila,  ii»a, 
.^fi^Au-,  114a. 
An^ijuurus,  1137- 
Aji  isinftii! .  loyt. 
Aaisolopkus,  1359- 
Aniioiickus,  13B0. 
AntiiinhioH,  1167. 
AnaaiaiiiAtflys .  94^. 
Ammu/dorgfia,  1053^  '5^9- 
Anaptiitajsa.  1308. 
Anaplbiaums.  itoj. 
Anupiaf/keriidiHt  1398. 
AHopL'th^riufH,  1326, 
^Biii/ifd,  1105. 
Anser.  1336. 

An^/tlfd^m,    1035. 
^w/AciIi'JIrt  BWiJtF,  1033. 
AnlkriuDSiiunii.  1034. 
AniArare-lieriida,  1314. 

Aaihrapeidea,  1468, 
AnlhropeftlliMiis,  147a, 
Anfilocapra,  I345. 
Anlilocaprida,  1345. 
Anlilope,  1347. 
Ap^ietyrt,  1024. 
Atateotiidit,  1024. 
jijlotomij,  1339. 
Afiai&umruj,  II73. 
AphiiHapltryx.  H33. 
AfheUiphis,  1147. 
Aphehpi,  13&7. 
Afkel^siturut,  i  ijy, 
Apfufotht^rium.  [466. 
ApAalidemys.  1105. 
Apht-^dtdiridtE^  ioi,f, 
Apkrodtdiria.  1014. 
Apiax,  1103, 
Apiviipvdon,  936. 
Afoda.  1039. 
.■ipi'^on.  1013. 
Apltimdyit},  jsga, 
Apttrodan,  1453, 
Apfcrygf!.  laJS- 
Apirrygida,  laaj. 
Aptlryx.  1025. 
Apt  amis,  1333, 
Aqsilti,  1240. 
j4fii,  1341. 
Arapaima,  999, 
Arcnitlurus,  1446. 
Archieotalis,  935. 
Arckaobtttis.  io6a. 
Archaoceti,  1304. 
Arckaochelys,  1093. 
Aix/ugomys,  1416. 
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ArckaopttTjgiitt,  1331. 
Anhiropttryx,  laai. 
Archaotluriiim,  1303. 
Ankaus.  1008L 
Arcktgosaurida,  1099. 
Arthtgesaiinu,  1030. 
Anhuktkys,  971. 
Arttotyoa,  1453. 
Arclotyonida,  1453. 
Arviadiu,  1439. 
Areiomjt,  1430. 
^rv'0jiiir>u,  1166. 
Arctotkerium,  1433, 
Ardta,  133B, 
Ardeida,  1338. 
y4r)i!n>jaiinu,  1137. 
Argala,  1338. 
Argillochelyi,  1115. 
Argillamis,  1339. 
Argillotktrium,  1453. 
Arffiricsiis,  1010. 
ArislosKehm,  1169. 
Arius,  looa. 
Arliodaetyla,  1313. 
Arvieela,  J417. 
Asima,  1013. 
Asintopida,  10 14. 
Asitttofi,  1 014. 
AsKntda,  1340. 
Aspidichthyt.  965. 
AipidopUunis,  997, 
Aspuiorhynckidix,  987, 
AspidorkyHckut,  987. 
Aipius,  1000. 
A  ileracanlhus ,  943. 
Asttrodtrmiu,  933. 
AtUrodon.  9B6, 
AsteroUpidida,  96a. 
AsttraUpis.  963. 
Asleroiptmdyli,  937. 
AlfAenvdini,  1376. 
Athecata,  1088. 
Alktriaa,  1006. 
AtAtrinida,  lood 
Atktrstonia,  x. 
Athtrura,  14 15, 
Atkrodon,  985. 
Atlanlockilys,  1090. 
Atlanlmaurida,  1173, 
Allantotaurui,  1173. 
AtoposauTut,  1148, 
Ailakevpsu,  9S9. 
A  McJunatpit ,  961. 
Autheitia.  1335. 
AuektHogianu,  looi. 
AulaoKielyi,  1118. 
Auiaiiitui.  1469. 
Auliicofs,  1005. 
Aulolipii,  994. 
Aulottoma,  1005. 
^iw^,  1 908. 
Axiilus,  II  lE. 

Babimsa,  1331. 
Biukithtritim,  1333. 
Baina,  1093. 


Bainida,  1093. 
Bagarius,  looa. 
Bakena,  1303. 
Balanida,  130a. 
Balmnodon,  1305. 
Balanopitra,  1303. 
Babrnotus,  1303. 
Balanula,  1303. 
BalisUs,  T015. 
BalUHda,  1015. 
Baphetts.  1033. 
Baptanadaa,  1137. 
Bapltmyi,  i\cA. 
Baptosaumi.  1145. 
Batagur,  1107. 
Balhmodon,  13S7. 
Batkygnatkus,  T166. 
Bathyopsis,  1388. 
Balrtuhiderpeton,  1004. 
Batrackosaunit,  1137. 
Batrackus,  1044. 
Bdelostotna,  933. 
BtUmnoialis,  933. 
jS^/Zih,  1108. 
Btlodon,  1 1 83. 
Belone,  1000. 
BeUmorkynekida,  9BB. 
BiloHorkynchus,  988. 
BtlonQitomus,  gis?. 
BmedtHius,  979. 
Bernisiartia,  1191. 
Berycidet,  laio. 
Btrycopsis,  loil. 
Btryx,  ion. 
Bcltongia,  1266. 
Bitot! ,  1351. 
B<«V.  1148. 
Blasloiruryx,  1343. 
BUttitiid*.  1006. 
Bloehius.  997, 
Boavut,  1 147. 
Beida,  1147. 
BoledoH.  137a 
Boiodentida,  1370. 
Bolosatirida,  loCo. 
Boloiaurui.  1060. 
Bombitiater,  1043. 
BoStkerium,  1350. 
^"ii  135I' 
Boulapkvt,  1348. 
Botknmys,  1099. 
Botkrieeps,  1033,  X, 
Bolkrioltpis,  963. 
Botkriospondylus,  1176. 
Bclkrolabi],  1339. 
Botropkii,  1147. 
Bovidte,  1345. 
Braikycyon,  1434. 
Brtukydectts,  1191. 
Brtuhydiasltmatotktrium,  1373. 
Brachydirus,  964, 
Brackymys,  1419. 
Brachyops,  1033. 
Braikylktrima,  133(X 
Bradypodida,  1399. 
Brady  pus,  1300. 
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BramatktriitM,  1344. 
Bramchiojauria,  1033. 
Braiukiosaurida,  1033. 
BraHchioiaurns,  1033. 
Brithofus,  tofii,  1570. 
Brwitapt,  1374. 
Brmttoiaums,  1173. 
Bronlolkmum,  1374. 
Butalus,  13SO. 
Zfkjff,  IZ41. 
Butapra,  1350. 
Bucerotida,  134a. 
Bueklandiam,  looi. 
Bufawi,  1043. 
£11/0,  1044. 
Bufonidiz,  1043. 
BurtiHofsii,  1303. 
Buiat,  1340. 
Byactinus,  951. 

Cofii/MitAr,  1Z41. 
Cadnrcothtrium,  1365. 
CanofilMecui,  1466. 
Canotkeriida,  1330. 
Ccenotkerium,  133a. 
Caiman,  1196. 
Caiaimignii,  11 47. 
Calamodon,  1410. 
CalaModeatida,  1410. 
CalameichPiyi,  974. 
Caiamopkurus.  1005. 
Calamosfondylut,  1170. 
Calamoiloma,  1014. 
Calliplmx,  1007. 
Calhthnz,  1469. 
Catlophoca,  1433. 
Caltoprhtodus,  930. 
Catlorhynckus.  950,  951. 
CamafaioirrBJ,  1173- 
Camascetu!,  1333. 
Camtlida.  1334. 
Caraelopardalis,  1 343. 
Camtlu!,  1335. 
Camfodus,  941. 
Camptomui .  ia68. 
CamptoBotus.  1159. 
Camplaiatirtis,  IT59- 
Cantda,  1430. 
CaniJ,  1435. 
Canobius,  978. 
Cafilodus,  iai3. 
CafiCosauruS ,  1036. 
Capra.  1349. 
Caprtolus,  134a. 
Caprovis.  1350. 
Carangida.  1008. 
Carangopsis,  lolo. 
Caraix,  1010. 
Canharias,  946. 
Carehariidie,  946. 
Carckarodon,  945. 
Catrharopsis.  944. 
Cardialheriatn,  I414. 
Cardiodon,  I177,  14I4- 
Cardiomyt,  14 14. 
Carellockelyida,  itol. 


Cartlioektlys,  not. 
Cariacua,  134A. 
Carinaia,  1399. 
Carine,  1241. 
Cariaderma,  1395. 
Cortiiiwra,  1431. 
Carterodan,  141 5. 
Castor,  1 419. 
Caslarida,  1419. 
Castomidis,  141 5. 
Castomididm,  i4ij< 
Colvari  tito,  13^. 
CalapUura,  1138. 
Catarraetei,  1333. 
Catkartti,  1339. 
Cathartida,  1339. 
Catopltrus,  983. 
Calurida,  989. 
Caturvi,  989. 
Cavdata,  1039. 
Csuiii^n,  1176L 
Cavia,  1413. 
Caviida,  1413. 
Cayluxolkerium,  1456. 
Cebidn,  1469. 
Ctbotkixrus,  1333. 
Ce^i,  1469. 
Cintrvdus,  986. 
Ctntttoden,  1459. 
Ctntracodm,  1439. 
Cttilrina,  939. 
Cenlritcida,  looj. 
Centroltpis,  yjt. 
CtnlrvMoms.  938. 
Cepkalaspidea,  959. 
Cepkalaspidida,  961. 
Cephataspis.  961. 
Cephalogalt,  1 434. 
Cepfialopui,  1347, 
Ceralerptton,  1035. 
Ceratochilyi.  i  loi . 
Ciratodontida,  953. 
Ctratodus,  953. 
Ceratopkrys,  1044. 
Ceratopida,  1163. 
Ceratofs,  1163- 
Ceratoptera,  936. 
Cfm/DjdHria,  iioi. 
Crreofilheeidee,  1469. 
Certoptis,  (336. 
CerodoK,  1413. 
CeruaUei,  1341. 
Ceroida,  1336. 
Cervulus.  1338. 

Cc/T»Ji    1338. 

Ceslracion,  943, 
Ceslraeiontida,  940. 
Celacea,  1300, 

Citharthrosaurus,  1139,  1146. 
Ceiiomurida,  1177. 
Celiosaums,  1178. 
CffiTJiniu,  946. 
Celoiheriopkanes,  1303. 
Crifftkerium,  1303. 
Ctlttia,  1 341. 
Chatodaniida,  1013. 
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'      OUIydoumrui,  1031. 
dnMni.  1104. 
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CKK»/«yWJ,  ^ 

^^^^1 

CAirvn^ttt,  laSot 
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Cktroikrix.  IC06. 
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CB&MIl/tkJ,  973. 
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^^^H 
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CaloaotlUfyi,  iiio. 
Co/M&M,  1377. 
ColuMtbr,  1146. 
Celumba,  13)4. 
ColumAa,  1334. 
Columiida,  1934. 
Celymiddei,  193a. 
CoWM^aurv^,  1077. 
Cefymiut,  1333. 
ComfMoi/teritim,  1456. 
Comftemys,  1105. 
Compjcgnatkidm,  1169. 
Comftagnatkia,  1169. 
Cmukiasamrus,  1073. 
CoHihcdui,  957. 
£(»icAi)^t»Ki,  955. 
Condytartkra,  1378. 
Contfatvs,  1438. 
CrMdZfiiMnij,  1139. 
Conodonts,  931. 
Coitorycles,  1453. 
CiMt/nu'iivta,  141 3. 
Corax,  946. 
CordylodoH,  1457, 
Cormoranus,  1338. 
Corvida,  134a. 
Corrifi,  1343. 
Coryphanida,  1007, 
Coryphodon,  1386. 
Coryphodeniia,  1385. 
Corypkodonlida,  13B6, 
CosmoUpii,  978. 
Cosmoftychiui,  977. 
Cosoryx,  1345. 
Collida,  1006. 
Cottus.  1006. 
Cotumix,  1334. 
Cotylopida.  1326. 
Colylops.  1336. 
Craeida,  1233. 
Craspedochelyj,  1096. 
CraipcdodoH,  tl6o. 
Crassitkerium,  1311. 
Craltromui,  1163. 
Cremaifoiaumi,  1139. 
Creadon ta,  (449. 
CreolaurHS,  116S. 
Crtlornis.  laoi, 
Cricttodon,  1418. 
Cricetui,  1418, 
Cricodui,  lyjo. 
Crkoiaurui,  1189. 
Cricolui,  1037,  1033. 
Crocidura,  1457. 
Crocisdilamut,  1184. 
Crocedilia,  11 8a 
Crixodiiid/e,  1199. 
Crocodilu!.  1 195. 
Crocu/a,  144a. 
Crossognalhul,  995. 
Crossofhelis,  975. 
Crassoplerygea,  968. 
Crvsiopas,  1457. 
Crolalidig,  114S. 


Cryftotratukm,  1041. 
Ctyfiodira,  iioi, 
Cryflodnuo,  1159. 
Cryftomeryx,  133a. 
Cryptoprotta,  144a. 
Cryptemis,  134a. 
Cryplotanrus,  1159. 
Crypturi,  1331. 
Cryptuna,  1333, 
Ctatacantktis,  968. 
Clenacodon,  1367. 
Cttnodattylus,  I4is> 
Ctenodvs,  956. 
Clenomys,  1415. 
Ctenoptyekiut,  930. 
Cuwmoria,  1159. 
Cuniettlui,  1417. 
Q^mt/dui.  1066. 
Cyatkaspis,  96a 
Cytium,  1007. 
CyelanorSis,  1 117. 
QKlotalit,  937. 
Qicloderma,  1117. 
Cyclopidius,  1337. 
Cyclopoma,  1013. 
Cycioptyekiui,  ^8. 
CycmtowU,  933. 
Cyclotoiaurus,  1036, 
Cyelotuna,  1395. 
Cyclurus,  991,  looi. 
Cytnorkampkta,  laoi. 
Osmrj.  1336. 
CynalurMS,  1447. 
(ymKtpkalui,  HJO. 
Cynockampia,  1059,  1569. 
CytiffditHs,  1436. 
Cynodon,  1436. 
Cynodontomys,  1467. 
Cynodnuo,  1059,  1569- 
Cynokyanodon,  1453. 
Cynomys,  1430. 
O'Riifiiiiuii,  1439. 
Cynoiuchui,  1059,  1569. 
O^n,  1435. 
Cyprinida ,  1000. 
Cyfrinedon.  1000. 
Cyprinodontide,  looa 
Cyprinus,  1000. 
Cypselida,  1343. 
Cypselui,  1343. 
Cyrtonedas,  940. 
Cyitignalkida}  1044. 
Cyttofhora,  1433. 
Cytttda.  1007. 
Cyttoides,  1007, 

Dacockilys.  iioo. 
Dacoiaurus,  1189. 
Dacrythtrivm,  1330. 
DaclyUlkride,*  1043. 
Darlyledus,  93a. 
Dactvlalepis,  986. 
Diuiylopttrida,  1006. 
Dactylopltrus,  1006. 


1  =  Ltftedactytida.    Sec  Conifeoda. 


*  =Xtnep«didte.    Sc«  CoiriccaiU. 
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DattyUaauna,  1073. 
Dadiatrm,  laM- 
Dttodtm,  1376. 
Damoma,  iioB. 
Dapediida,  981, 
Dapediut,  98a. 
Daptde^Quta,  999. 
Daphanus,  1435. 
Daptintis,  999. 
Dasornis,  1339, 
Darfeept,  1034. 
Datypedida,  1*91. 
Daiypotherium,  1999. 
Datyproeta,  14 14. 
Datyprectida,  141 4. 
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Diniehtkyida,  965. 
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Ditomis.  \Qafi. 
Dinomilkida,  laaS. 
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DryoUitts.  1376. 
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Emielopkerus,  1056,  ISTO- 
Emmtnodon,  1395. 
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Bucrtus,  1305. 
Euchirosatirui,  103 1. 
BticltuUs,  1 1 13. 
EmcTolafhta,  1337. 
BtigHothidee.  986. 
Eugnatkui,  9S6. 
Bunuces,  1141. 
Etm^lodui,  951. 
Bumyi,  141 8. 
Eufeiaurtis,  1490, 
Bupodomitlus,  1332. 
Eupteromis,  1330. 
Burhinodtlfkis,  1307. 
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Euryeormut,  989. 
Eurygnatkiti,  99B. 
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INDEX. 


1603 


Homtttaaurut,  1137. 
Homalodoitlolkerium,  1366. 
JiomiHtdd,  T470. 
Noma,  UTo. 
JfowuxaMelus,  1335. 
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Ichlhyomitkida,  1331, 
Ichthyotaurida,  1134. 
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Isthymsaurus,  1176, 
Ischnaeanlkus,  967. 
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Isolania,  951. 
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Platyckaropidtz,  1409. 
Pialyckxrops,  1409,  1453. 
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Platyprosopus,  1338. 
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1  =  Plttiyiamalidit.     See  CorrigendK. 
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Procvonidie,  1439' 

Prodidelphia,  1273. 
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Progoura,  1334. 
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Prurastomus,  1310. 
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Teitudinala,  1091. 
Testudinidce ,  1107, 
Teitudo.  1109. 
Tctriibelodon.  1395. 
Telraccros,  1347. 
7V/racH)joii!on ,  13S3. 
Telraciis.  1457. 
TetragQTtoUpi!.  983. 
Tttrao.  1334. 
Telraonidtt .  1334. 
Telrapluras,  loio. 
TetrastUtiodon,  1330. 
Telraityhis.  1415. 


Tetrodon,  10 15. 
Tetresphys,  1308. 
Tkalasumyt,  1103. 
Thaloiaclis,  1439. 
Thalai!0c/ulys,  11 14. 
T'Aumnii^t.F,  1146. 
TAoimia*,  931. 
T'lluumii/afav/Aiu,  947. 
Thanmatosaurui,  1079. 
Thecachampsa,  1194- 
Thecodoniosaunu,  11 66. 
Thecophora,  1091. 
Thtcosp0»dylus,  1 179. 
Tkelodus,  947. 
Titoiodon,  1376. 
Therapon,  1013, 
Theridomyida.  14151 
T/Kridomys,  1416. 
T'A^rtiN/fifniij,  1369. 
Theriadonlia ,  1057. 
Theriognalhus,  1064. 
T'^TiajHcAuj,  1191. 
Theromora,  1053. 
Tkiromorpha,  1053. 
TheropUura,  1060. 
T'A^n^noi^,  1 164. 
Theuritlurium,  1451,  1453. 
T'AinoA/uj,  133a. 
TkinoUstes,  1466. 
rAinoiaurur,  II39. 
Tkoat/urium,  1359. 
Tkollodus,  986. 

7':t0»(O'>(yi,     I416. 

Thoracophorus,  1294, 
Thoracoptervs.  987. 
/"AaracojaurH/,  1193. 
ThrissoUpis,  978. 
Thriisopalrr.  996. 
Thrisiops,  990. 
Thursiui,  lyji. 
Thyesla.  96a, 
Thylacinus,  1378. 
ThyljcoUo,  1385. 
Thylacomorphus .  1453. 
Thyniihihys.  1001. 
Thynnus,  1007. 
Thyr sites,  loio. 
Tigrittichus.  1059,  1569. 
Tillodontia,  140S. 
Tillomys.  1420. 
Tilletkerium,  1408. 
Tinamui.  1333. 
Tin^a,  1000. 
TiniKrras,  1388. 
Tinosaurus.  1139. 
Tilanichlhys,  965.  999. 
Tilanomys.  1413. 
Tilanopkii,  1148. 
Tifanosauras.  1179. 
Tilanoiuckus.  1058. 
Titanolheriida,  1374. 
Tilanotkerium,  1374. 
Talypeules,  1393. 
Tomarcliis,  1433. 


'  Errert  SaKrinieklkys.    See  Corrigenda. 
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T'omiiloMa,  1 193. 
Temitierium,  1466. 
Totnodtii,  940,  1378. 
Tomognathus,  999. 

Torptdinida,  934. 
ToTfedo,  934. 
Tetanus,  1333. 
Toxochelyi,  1104. 
Toxodon.  1377. 
Toxodomtia,  1376. 
ToxodoHtida,  1376, 
Tosodentofhaiui,  1377. 
ToxodoHtotherium,  1377. 
ToxoUs,  10 1 3, 
Trachinida,  1007. 
TrathinofiU,  1OO7. 
Trackinus,  1007. 
Trmhod^t,  1153, 
Trachodimlides,  1153. 
Trachyaipis,  1106. 
Trachydtrvuxhtlys,  1099. 
Trachynotui,  1010. 
Trachytherium,  1311. 
Tragelaphui,  1348. 
Tragociroi,  1349. 
Tragttlida,  1333. 
TVa/w/xi,  1333. 
Trtifiomys,  1416. 
Trimalaspii,  963. 
Trenuitasaurus ,  1036. 
Trttostemum,  1105. 
Triacantkodon,  1377. 
TribtUiodon,  1204. 
Tribodon,  1415. 
Tribonyx,  1333. 
Trueratofs.  1163. 
Trichtchids,  1424. 
TrUhtchodon,  1434. 
TricktcAus,  1434. 
Trichiurichthyi,  loia 
TricAiuridir,  loia 
Trichiurvs,  loio. 
TrUlii,  1387. 
Triconodon,  1377. 
Triconodontids,  1377. 
Tricuspodon.  1388. 
Trigla,  1006. 
Trtglypkus.  1069. 
TngodoK,  1377. 
TriisodoH.  1453- 
Trimtrorhackida,  1039. 
TViix^rorAdcAM,  1033. 
TVinof  roBxron ,  1079. 
Tringa.  1333. 
Ttionyckida,  1117. 
Trionyckoidea,  1 1 16. 
Trionyx,  11 18. 
Triptopus,  1356. 
Tnfriodan,  ia6B. 
TrxslichopUrus.  970. 
Tristychius,  941. 
Triton,  1041. 
Tntyhdon,  1969. 
Trilylodontida.  1369. 
TroikUHs,  1437. 
Troglodylti,  1470. 


Trogon,  134a. 
Trogenidtt,  1343. 
Trogotitktrium,  1419. 
Tro^juj,  1408. 
Tropideiays,  II04. 
Tropidonottis,  1146. 
Truci/riis,  1449. 
Trygon,  937. 
Tryganida,  937. 
Trygonorkina,  933. 
Tubinares,  1333. 
Tudiianui,  1037. 
Tupaia,  1455. 
Tupaiida.  1455, 
Tiipinamhis,  1143. 
Tursiops,  1307. 
Tylosaurus,  1144. 
Typed  us,  965. 
Typotktriida,  1377. 
TypoSherium,  1377,  1378. 
Typolkorax,  1137,  ttSa. 

Udtnodon,  1064. 
Uintacyon,  1437. 
Vinlalk^riida,  1387. 
UinlatkeriuBt,  1388. 
Uintornii,  1343. 
Undina,  973. 
Unguiala,  1313. 
Upupida.  1343. 
C/Wa.  1233. 
Urmiatherium,  1344. 
Urocordylidm,  1095. 
Unxordylus.  \03^, 
Urolopkus,  937- 
Uronautes.  1083. 
UroneiHus.  955. 
Urvtphtn,  1005. 
UroslktHts,  978. 
Vnida,  1430. 
Ursus,  1431. 

l^'ampyrus,  1463. 
Varanida,  1141. 
Varanus,  1141. 
Veclisaunis,  1161. 
Vaperliliavus,  1463. 
Vapertiiio,  1461. 
l^espirlilionidtz.  1461. 
Vtiptrugo,  1461, 
Viieri£i,  114B. 
yukaulkeriutH,  1 343. 
Viverra.  1438. 
Viverravus,  1437. 
Vivtrrida.  1437. 
Vomer,  tOV). 
Vuliur,  1339. 

H^an/ia,  1569. 
H'ariftfAMj'j,  979. 
H^mfnijtiT,  941. 

Xrnacantkus,  906. 
Xtnaspis,  961. 
Xenorkynckus,  1338. 
Xenurui,  1393. 
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Xeromyt,  1417. 
Xtttopi.  T141, 
Xifhias,  roio. 
XifAiida,  1 010. 
XifAodoH,  1330. 
Xiphodontotherium,  133a 
Xifkopteryi,  \ova. 
Xiphatrygon,  tfyj. 
Xystraeantkus,  947. 
Xyslrodus,  94ft 

Zaiuladon,  li6j. 
Zanclus,  itwtj. 
Zafus,  141 6. 
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Zariaehit,  1308. 
Zatrkacky!,  1033. 
Ztte<t«m,  13B0. 
Zetiglodott,  1304. 
ZtuglodimtiMi,  1304. 
ZfKj,  1007. 
Zifhioidcs,  1305. 
Ziphiui,  1305. 
Zooligui,  1331. 
Zygana,  9415. 
Zygotalei,  936, 
Zygomatumi,  laSa. 
Zygosaia-us,  103 1. 
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A  ties,  1537. 
Abutina,  1536. 
Acaaa,  1556. 
Acer.  1553. 
Acttabularia,  1491. 
Ackras,  1557. 
Acerui,  154a. 
Actinosltitus,  1536. 
AdianliUs,  1504. 
Adiantum,  1504. 
jf-sculina,  igsa. 
j^icuius,  155a. 
Agavitts,  1539. 
Aggregate,  1538, 
Auanlhu!,  1553. 
Altertia,  1534- 
Akthppterid<t,  1509. 
AUthoptiris,  1504,  1509. 
^/^ff,  1488. 
i^Aima,  1543. 
Aliimacta,  1543. 
Alitites.  1545. 
Alnophylium,  1545. 
Alitus,  1545. 
Alsophih.  1503. 
Ameliaachier,  1555. 
Amettlaceit,  1544. 
-4»«>iiKicafy(i«,  1543. 
AmoiHophyllum,  1543. 
AmygdaUa,  1555. 
Amygdaltts,  1555. 
Amyrii,  1553. 
Anacardiacta,  1553. 
AnacardiUt,  1553, 
Anacardium,  1553. 
AncAUlra,  issf- 
Andriana.  1510. 
Andromeda,  1557, 
AndromtdiUs,  1557. 
Aneimeilei,  1506. 
AngiopUridium,  1511. 
Angiospermm,  1538. 
Annmlaria,  151 6. 
Anactowitria,  1550. 


AnomofUris.  1510. 
Anoatatamites,  1537. 
^«iww,  1550. 
Anonacea,  1550. 
Antholilhus,  1530. 
Apeiia,  1551. 
Aptibofsis,  1551. 
Apetauz,  1544. 
Apocyanacea,  1538. 
Apocynophyltum,  1558. 
AquifoUacea,  1534. 
Aracea.  1543. 
Aralia,  1554. 
Araliacea.  1554. 
Arautaria,  1533. 
Araucarita,  1533. 
Araucarioyyion,  153 1. 
Araucarites,  1533- 
Arhutilei,  1557. 
Arbutus,  1557. 
ArchaocalamiUs ,  151 7. 
ArchiPOpUridtit,  1305. 
Arckaopleris,  1505. 
Archagaricon,  I499. 
Ardisia,  1557. 
Aristotochia,  1557. 
Arislolotkiacea,  1556. 
Ardides,  1539. 
ArUfes,  1542. 
Aronites.  1543. 
Arthropityi.  1516. 
Arlhrosiigma,  1518. 
Arliofarpidium.  1 547. 
Artiocarpoidts,  1547. 
Artisia,  1531. 
Arloearpus,  1547. 
Arundiles,  1543. 
Arundo.  1543. 
Asimina.  1550. 
Asperifoliacea,  1558, 
Aspidiea,  1505. 
Aspidium,  1505. 
Aiplenieec,  1504. 
AspUnium,  1504. 
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Asltrociima.  1S°»'  , 

Asterophyllum.  i5>7- 
AtaUa.  I5S7- 

Bactrylli>"».  1490- 
Balanophoracex,  iS57- 

flfl»t*«3fl.   IS**- 

Bamtusiti'ii.  iS39'  '5*3' 
Banisteria.  iSS3- 
Banksia.  ISSS- 
Banisiles,  IS5S- 
Bauhinia,  15S°- 
Btania,  IS"^- 
BtUmnofl'ni.  IS"- 
Btniullila.  15"- 
Beasonia.  1539- 
Berieridatta,  iS4o- 
BerberU,  1548- 
Btn-lumia,  i554- 
Se/(f/a,  I545' 
Betulophyllf»<  iS4S- 
BUomti,  1557- 
BidenHUi.  iSS9- 
Bignonia,  1550. 
Btgnoniacca,  ISSH- 
Btlobites,  1481. 
£■'0/11.  153^- 
Bixacea.  1551- 
Bkchnum.  IW 
BolbodiuM.  ipo- 
Bomtacea.  I5S*- 
Bombax,  iSSi- 
Brachyphylltn,  IS3S- 
Bromelia.  I54°- 
Broitttliacea.  iSi°- 
Bryofkyta.  1500. 
Buckiandia.  IS^B- 
Btimelic  1SS7- 
ButholrefhU.  i4>>"- 
Bulomus,  1543- 
Buiacm.  iSS4- 

Cmaitinia,  15S*-   , 
Citialpiiio':'^-  ISS"- 
Cicialpinilti,  i5S°- 
CalamiUiE.  I5'S- 
Calamiles.  1510- 
Calanadailus.  IS^^' 
Calamodendrort,  I5'7- 
Calamofsis.  154°- 
Calamoslachyi.  iS'''- 
CaltipUridium.  iS09- 

CaUtilt'nop/'yll'"''.  1555- 

Callilris.  1530- 
Callymatothica,  IS^S- 

C^mpanitlinm.  i5S«- 
Campt«thyU>'^'  '537- 
Camflopltrt!,  IS'I- 
Canna,  i54J- 
Cannophyiiil"-  iS43- 
CapHfilia^"^'  iSS^' 
Cdrdiocarpus.  i53o- 
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Carts.  IS43- 
CarpinUi.  1S4S* 

CarpolithiS.  iSS°- 

Ca»^«'*'«'  '53°- 

Cojlanta.  1545- 
Castanofsis.  iSAS- 
Caj(ifln«i'i  '&**■ 

Cajua""''''''  '544- 

Calalpa.  15?-    „, 

CaudaGalh.  1483- 

Caulinites,  154a- 

Caulofteri',  IS"- 

C^JrwJ,  1537-  ^^, 

Celatlriuea.  1S53- 

CttasiriniUl.  'SSj- 

Cda^trophyll^^'  1553- 

Cclastrus,  iS53- 
attii.iS47- 
Cenlrosptrma-  iS47- 
CMAa^o/W".  i53»- 
Ceratonia.  1550- 
CtratophyUa,  iS47- 
Ceratotama.  isw- 

C^fi-w.  'SS^ .       „-; 

Cfci««'«M 'S40- 

CAflM.  I49B' 
Charactit.  1497- 
Chilanlkti,  1504- 
ChiToUpii.  IS35- 
CkiropUrU.  iS^- 
Chloroifona:-  itffi- 
Chondritis, -if,^- 

OwHpiial^-  IS44- 
Char^''<'^pt'r<'-  ilPi- 
Cinnamemuit.  1540- 

C.j!i'".  1554- 
Cii!«J.  I554' 
Ciilacea,  iSS'- 
Cislipr^'  1550- 

Ciirui.  155'- 
CladophUbn.  1504- 
Clalhrepodiif",  'S*"- 
ClalArepltrJS.  iS"- 
Clemalii.  1550-^ 
C^ro/-i*iJ,  1S4<*- 
Coccoliths,  149S- 
Coccospheres.  i49^- 
Coaulus.  1548- 
Cxlotrochium.  i49J- 
Colunniftrs.  155'- 

Comkrttacei:.  iSSS- 
Componta:.  iSS"- 

Conire'-'^.  '53'- 
Coniopltri!.  i5°3- 
ConvolTul"'-  '55"- 
Cotttorla.  i5S8' 
Copaifira,  iSS^- 
Caralliia.  1495- 
CorallinfU.  1495- 
Cordaitea.  i5»9- 
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Cordaitet,  1530- 
Coriaria,  1553. 
Coriariaeta,  1553. 
Cormophyla,  1500. 
Comactm,  1SS4- 
Cornus,  1554. 
Corylus,  1545. 
Cotoneasler,  1556. 
Cralngui,  1556. 
Credntria,  1547. 
Cnmatopttns,  1510, 
Cronochorda,  1483. 
Crossopodia,  1483. 
Crucijira^,  1550. 
Clinophyllum,  1537. 
Cttnopliris,  1508. 
CuKainfAiima,  1534. 
Cunninghatnites,  1534. 
Cupaiiia,  1553. 
Cupanita,  1553. 
Capanoides.  1553. 
Cuprtssiitem,  iS35' 
Cupressus.  1536. 
Cupulifrnr,  1544. 
Cyaltucaeets,  1503. 
CyathtofUris,  151a, 
Cyalholilhs,  1496. 
CycadaceiF.  1535. 
Cycadta,  153*. 
Cycjdeosptrmum,  1538. 
Cycadiles,  1536. 
Cycadoidea,  152S. 
CycadopUris,  1510. 
Cycadospadix,  1538. 
Cycas.  1536. 
Cyclanthacem,  I54l< 
Cyclcpiiy!.  iS34- 
Cyclopltris,  1506. 
Cyclostigma.  15*1. 
Cylindropodium,  153S. 
Cymodocca,  1543. 
Cymopolia.  1491,  1493- 
Cyparissidium,  1535. 
Cyptracta,  1543. 
Cyptritcs,  JS43. 
Cyperus.  1543. 
Cy pittites,  1559. 
Cytiius,  15^5. 
Czekanowskia,  1533. 

Daclylopora,  1493,  1494. 
Daetylopttris,  1513. 
Dactytolhaa,  1509- 
Dadoxylon,  I53i< 
Dalbergia,  1556. 
Dammara,  1533. 
Dammaritts,  1533. 
Danica,  1503. 
Danailes,  1503. 
Danaopiis,  1503. 
Daphne,  1555. 
^^Jm,  1^50. 
Detesicna,  1495. 
Dtwatqaea,  1550. 
Diaiomixcea,  1489. 
DUharuunm,  1539- 


Dichopttris,  1510. 

Dicksonia,  1503. 
DUotyia,  1543- 
DicranophyliuiH,  153a. 
Diciyofordaites,  1539. 
Dictyopkyltum,  1511, 
Diclyopttridea,  isii- 
Dictyapterii,  1507. 
Diclyotamilts,  1537. 
Didymoiorus,  1503. 
Dioscona,  1539. 
Dioscareacea,  1539. 
Diescorites,  1539. 
Diospyrina,  1557. 
Diospyms,  1558. 
Diplopora,  1491. 
Dtflerocarptis,  ISSL 
Diptenxarpus,  1551. 
Discolilhs,  1496. 
Dodoitma,  1553- 
Dombtyopsis,  1551- 
Draeana,  1539. 
Drcpanxarpus,  1556. 
Dryandra.  1555. 
Dryandroida,  1555. 
Dryopkyltum,  1545. 

Ebenaciis,  1557. 
Ecliinostackys,  1539. 
Echinoslrobui,  1535. 
Ethilouiuai,  1558. 
Elteocarpus,  1551. 
Etatides,  153G. 
EtfagnacetE.  1555. 
Eltaifnus,  1555. 
Embotheites,  1555. 
Empetraaa,  1554. 
Enantiobtaita,  1540, 
Encep/taiarieir,  1536. 
Encephalarto!,  1536. 
Engetkardtia,  1546. 
Eopteris,  1485. 
Ephedra,  1537. 
Equisetoitm.  1514. 
Bquiieteet,  151 4. 
EquisiHtei.  1514. 
P.guisetum,  1514. 
Ertmopieris,  1505. 
Erica.  ISS7- 
Ericaeeir,  1557. 
Eriacaulen,  1540. 
Ervites,  1556, 
Erytliina,  1556, 
Eltingshausia,  IS47- 
Bucalyplus,  1555, 
Euanomus,  1553. 
Euphorbiacta,  1554. 

/■a^j,  1545. 
Faiciiutiles,  1540. 
Ficonium,  1547. 

^(CKJ,   1547. 

Fitldinia.  1533. 
Filicacim,  1501, 
Filiees,  1503. 
Filicites,  1503. 
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Fitlonia,  1538. 

Ftaiellaria,  1540. 
Florideir,  1495. 
ForskokUa,  1547. 
ForskohUantkemutK,  1547. 
Frarastella,  1551. 
Frangulina,  1553. 
Fraxinus,  1558. 
Frtiula,  1536. 
Frtntlopsis,  1536- 
Frexitra,  1551. 
Fueacea,  1490. 
Fungi,  1498, 

Gainepttala,  1544. 
Cangamopteridex,  1511. 
Gangamopleris.  1511. 
Gardenia.  1558. 
Gaifrolobium.  1556. 
Gaullheria,  1557. 
Geiniliia,  1535. 
Ct  nil/a,  1556. 
Gttttiaiuuto!,  1558. 
Geranium,  1551. 
Ginkophyllum,  1529.  I  S3 1. 
Gleditschia,  1556. 
Gleichenia,  1503. 
Gleicheniacea,  1503- 
Gleiehenitti,  1503. 
Glosiopleris.  1511. 
Clossoxamiles,  1536. 
Glumijtom.  1543- 
Glyptodendron,  1483. 
Glyplolepidium,  1534- 
Glyptolepis,  1534. 
Giyploslrobu!.  1534. 
Gnetacit£.  1537. 
Gnetum,  1537. 
Gonioiina,  154T, 
GramintiF .  1542. 
Grevillea.  1551. 
Grewia.  1551- 
Gmaiopiis,  1551. 
Gruinale!,  1551. 
Guajacites,  1552- 
Gymrtoipetma,  1525. 
Gynandra,  iS43- 
Gyrogonites.  1498. 
Gyropartlla,  1493,  1494. 

Haliseriles,  1518. 
Hallonia.  1530. 
Halorhagidacur,  15SS. 
Namamelidiueit.  1554. 
HamamtliUs,  1554. 
Hedera.  1554- 
Hellebaritfs.  1550, 
Hetleboru!,  1550. 
Hellobiir,  1543. 
Hcpatictt,  1501. 
Heterophyllea.  1556. 
Helerospores,  1518. 
Hcwardia.  1504, 
Hieracites.  1559. 
Hippoeralta.  1554, 
Hippocrateacea,  1554. 


Hiraa,  1553. 
Holopleura,  1550. 

Sdroekarit,  1543. 
,  irocharitatea,  1543. 
HydrockariUi,  1543. 
Hymenrca,  1J56. 
tiymenophylJaeea,  1503. 
nymeaophyUum,  1503. 
Hyoserites,  1559. 

/fci.  1554. 
Indtgofera,  1556. 
/"/a,  1556. 
tnoUpis,  153s. 
Iridaceir,  1539. 
/ru,  1539. 
Imitea,  1531. 
I  suites,  ijai. 
hosporea,  1J17. 

fvglandaceiE,  1546. 
yuglanditts,  1546. 
fuglans.  1546. 
'funcaceit,  1539. 
runcuj,  1539. 
Jungermanniacett,  1501. 
ftmiperas,  1536. 

Kaidacarpvst,  1541. 
Kieselgunr,  149a 
Kiggeiaria,  1551. 
Kntghtia,  1555. 
Knigktiles,  1555, 
Knorria.  1530. 
Katrveleria,  155*. 

LaMata^ree,  1558, 
iMcopterii,  1510. 
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By  Hra  Ollpbant. 
Tbb  IjrB  or  Hahiib  Wadok.    By  D.  H. 
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LIST  OP  BOOKS  PUBLISHED  BY 


BROUGHAM.     Memoin  of  the'  Lif«  and  Tiroes  of  Heniy  Lord 

Broogluuii.  Wrltttn  br  HiMOLr.  3  ToU.  Sro,  £;  Ba.  Ilia  VolomM  u*  Mid 
atpmlelj,  prioa  itM.  CMh. 
BROWN.  The  Forester :  A  Practical  Treatise  on  the  Planting, 
Kearlng.  uid  Oenanl  Huwgsment  of  roratt-trea.  Bi  Jimu  Bbowv,  LL.D., 
ItiBp«ctor  of  and  Beporter  on  Wood*  and  Poi«ata.  FUUi  BdlUon.  MTlaed  and 
mlaigsd.    Bajwl  Sro,  wltJi  BngnTliiga,  ]6a. 

BROWN.  The  Etbics  of  Qeorge  Eliot's  Works.  By  Johh  CbokbiC 
Bbowk.    Fourth  BdlUon.    Cion  Sto.  la.  6d. 

BRTDALL.  Art  in  Scotland  ;  its  Origin  and  Progrese.  By  BobsRT 
BHTDA1.L,  UaaUrotSt  Gaorge'a  AitSotaoolotQlaasow.    Bro,  iia.  6d. 

BROWN.  A  Manual  of  Botany,  Anatomical  and  Phjsiolopeal. 
For  tho  Dai  ol  Btodanta.  B7  Bosaar  Baawv,  H.A.,  Fb.D.  Oni«n  Sto,  wttk 
nnmerona  Illoatntlinu.  iia.  M. 

BUCHAN.  Introductory  Text-Book  of  MeteoroloRy.  By  AtM- 
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(Bcumenlcnl  Council  of  Trant;  Pabllihed  by  Ordir  of  Pops  St  Floi  T.;  and 
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(oidfl  Wlitr  uid  Witty  Hen  uid  Wammi.    Bj  Qio.  Rusuu.    Cr.  Sro,  4a.  6d. 
RUSSELL.    EssayB  on  Sacred  Subjects  for  Geaeial  Readen.     Bj 

the  Bev.  WiLLUH  RnsaKU.,  H.A.     Bto,  icm.  6d. 

RUSTOW.  The  War  for  the  Rhine  Frontier,  1870.  By  CoL  W. 
Rnarow.  Tnuulat«d  from  the  Ofltnuui,  \>j  Johm  Latlakd  Nkzdham,  lin- 
teouit  B.K.  AjtUlBTT.     3  Toll.  B*o,  with  Hap*  uid  r\Miit,£t,  lis.  6d. 

RUTLAND.  Notes  of  an  Irish  Tour  in  1846.  By  the  DCKX  or 
Rltlahd,  Q.O.B.  (Ijord  John  Hahhiu).    New  EdiUoD.    Orowa  8to,  m.  6d. 

RUTLAND.    Qema  of  Qerman  Poetir.    Translated  by  the  DDCHB88 

OF  BlTTLAHD^Lkdy  JoHir  MlMNIKB).     Bmill  quuto,  31.  6d. 

ImpresBione  of  Bad-Hombarg.     Comprising  «  Short  Ac- 

eonot  of  tliii  Woman's  Auoclationt  of  Oernuuij  nadaitlu  Sed  CroM,  Cnnn 
Svo,  i>.  6d. 

Some  Personal  Recollections  of  the  Later  Years  of  the  Earl 

orBcacoDBlleld,  K.O.    Blitli  Edition,  6d. 

-  Employment  of  Women  in  the  Public  Service,    fid. 

Slime  of  the  Advantages  of  Easily  Accessible  Reading  and 

Recreation  Itoomi,  and  Free  Ltbnrisi.  With  Semu-kj  on  StartlBg  Uid 
Haintiining  Thsm.    Second  Bdltlon,  crown  Svo,  ii. 

—    A  Seiuel  to  Rich  Men's  Dwellings,  and  other  Occwional 
Papers.    Crown  Svo,  u,  6d. 

Encounming  Experiences  of  Reading  and  Recreation  Roona, 

Alrn.i  of  Guilda,  Nottingham  Social  Onlld,  EzliUog  luatltntiona,  Ac,  *e. 
Crown  Bto,  is. 

SCHILLER.  Wallenstein.  A  Dramatic  Poem.  By  Feed13ICK 
VDH  ScnrLLER.    Translated  b;  C.  Q.  A.  Lockhart.    Fcap.  Bvo.  71.  6d. 

SCOTCH  LOCH  FISHING.  By  "Black  Palmer."  Crown  Svo, 
<nter1«aTeit  with  blank  pages,  4B. 

SCOUGAL.     Scenes  from  a  Silent  World ;  or.  Prisons  and  their 

Irmiiitm.     By  FiUNCis  ScocOal.     Crown  Svo,  6a. 

SELLAR.      Manual  of  the   Education  Acta    for  Scotland.      By 

Alkxander  Cbato  SKtLAR,  U.F.  Elglith  Edition.  Kevurd  and  in  preat 
pitrt  rewritten  bj  J.  Edward  Qra&ui.  B.A.  Oxob.,  Advocate.  Containing 
tho  TcoliDlcal  Schoals  Act,  isa7,  and  all  Acta  bearing  on  Gdacatlon  In  Scotland. 
With  KqIcs  for  the  conduct  of  Elections,  with  Kotea  and  Caaea.    8to,  loa.  6d. 

SELLER  AND  STEPHENS.  Physiology  at  the  Farm  ;  in  Aid  of 
Rearing  and  Feeding  the  LIto  Block.  By  Wiluax  Sillek,  H.D.,  F.R.8.S., 
andHEMRrSTEPHEKB,  F.R.8.B.,  Aathor of '  The  Book  of  the  Farm,' Itc  Post 
Svo.  witli  En^^vlnm.  16s. 

SETH,  Scottish  Philosophy,  A  Comparison  of  the  Scottish  end 
German  Anawera  to  Hnme.  Balfoni  Fhlloaophical  Lectares,  UnlTeialt}  of 
EdlQlmrgh.  By  AnnRKw  Srrn,  M.A.,  Profeaaor  of  LoKle,  Bbetoric,  and 
Uelapliyslra  in  the  Dnlveralty  of  St  Andrews.     Crown  Std.M. 

■        —    IlL'(,'i'Iianism  and  Personality.     Balfour  Philosophical  Lec- 
tures.   Hi'conil  Scries.    Crown  8to,  js. 
SETON.     A  Budget  of  Anecdotes.     Chiefly  relating  to  the  Current 

Century.     Compiled  and  Arranged  by  Oeorue  Setoh,  AdTOcate,  ILA.  Oxon. 

New  and  Clieujier  Editlun,  fcap.  Bto.     Boards,  la.  6d. 

SHADWELL.  The  Life  of  Colin  Campbell,  Lord  Clyde.  lUna- 
tralcd  by  Sitracts  from  hia  Diary  and  Correspondence.  By  Lientannst- 
Qiineral  Sbahwill.  O.B.   S  toU.  Bto.   With  Portnlt,  Maps,  and  Plaiu.    36*. 
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Half  a  Centnry;  or,  Changes  in  Men  and  MannerB.  By 
ALEX.ImmSBAKi),  AulliotoI'AgttlQit  Tlms,'&o.  BecoDdEd.,  Sto,  hi.  6d. 
—  Letters  from  the  Weat  of  Ireland.  Beprinted  from  the 
'Tlmai.'  OrowaSTO,  5«. 
SHABPE.  Letters  from  and  to  Charles  Kirkpatrick  Sharpe. 
Sdlted  by  Alisutdbb  Ali^bdtck,  Author  ot  'Hemotr  of  Admiral  Lord 
Kdth,  K-B.,'  Ac  With  ■  Usmolr  ij  the  Rev.  W.  E.  B.  BicroBD.  In  two 
Toll.  Bro.     Dlnitnitad  with  BtohlDKB  and  oUiei  BngnivlDgi.    j£i,  iil.  Cd. 

SIM.    Margaret  Sim's  Cookery,    With  an  Introduction  by  L.  B. 

Taltobd,  Author  ot '  If r  Bmlth :  APutotHULlf«,'4w.    OrownSvo,  ji. 
SKELTON.    Maitland  of  Lethington ;  and  the  Scotland  of  Mary 

Btoart.    AHlitory.   B7  John  Bkeltoh,  O.B.,  LL.D.   Anthor  of 'TtaaBiMTi 

ofBhlrlc7.'    Demf  B*o.     a  toIi..  aSs. 

SMITH.  Thorndale  ;  or,  The  Conflict  of  Opimons.  By  William 
amTH,  Anthor  of  'A  Dltconrw  onEthlc8,'Ao.    Kew  Bdttloa,    Cr.  Svo,  >d«.  6d . 

OraTenhurst ;    or,  Thoaghta  on  Good  and  Evil.    Second 

BditioD,  with  U emoir  of  the  Author.    Crown  Bto,  Bi. 

The   Story  of  William  and   Lucy    Smith.     Edited   by 

GtOBOE  MssBiui.    L«rgo  poit  Sto,  lu.  6d. 

SMITH.  Greek  Testament  LeBsons  for  Colleges,  Schools,  and 
Private  Stadenti,  oonnlttlog  chiefly  or  the  Sermon  on  the  Honnt  and  the 
Parables  of  onr  Lord,  WItb  Ifotea  and  Eauys.  B7  the  Rev.  J.  Bukteb 
Surra,  M.A..  King  Bdmrd'aSchool,  Birmingham.    CrownSvo  6a. 

SMITH.    Writings  by  the  Way.    By  Johk  Campbill  Smith, 

M.A.^herlff-Bubatitata.    Oiovn  Evo.ga. 
SMITH.    The  Secretary  for  Scotland.    Being  a  Statement  of  the 
Fowera  and  Dntlea  of  the  new  Scottlali  Olflce.     With  a  Short  Hlatorlcal 
Introduction  and  DumeTOai  referenceB  to  important  Admlnliitratlva  Docn- 
nenta.    Bf  W.  0.  Bmitb,  LL.B.,  Advocate.    Svo,  da. 

SOLTERA.    A  Lady'a  Ride  Across  Spanish  Honduras,    By  Mabia 

BoLnfta.    With  ulnatnttlona.    Foat  Svo,  iia.  6d. 
aORLEY.    The  Ethics  of  Naturaliem,    Being  the  Shaw  Fellowship 

LectDrai,  1884.  Bj  W.  B.  Borler.  H.A.,  FeUowoCTrlnitr  College,  Cambridge, 
and  Eiamlnerln  Philosophy  la  the  Univerait;  of  Bdinbiuvb.    Crown  Sto,  i5a. 

SPEEDY.  Spoit  in  the  Highlands  and  Lowlands  of  Scotland  with 
RodaiidQtiD.  BfTouSpiKDV.  Becond  EditloB.RevlaedandEiilarEed.  With 
IllnitratlonabrLIeat..Qen.HopeCrealocke,C.B.,C.M.Q.,andothera.  Evo,i5B. 

SPROTT.     The  Worship  and  Offices  of  the  Church  of  Scotland. 

ByOiOBoi  W.  SpaoTT,  D.D.,  Mlnlater  of  North  Berwick.    Crown  Svo,  6a. 

STAFFORD.  How  I  Spent  my  Twentieth  Year.  Being  a  Record 
of  a  Tour  BouDd  the  world,  1EB6-BT.  B;  the  HiHCBiOKiBa  or  STArroKD. 
With  llluntratlona.    Third  EdiUoD,  crown  Svo,  Sa.  tfd. 

STARFORTH.  Villa  Residences  and  Farm  Architectm^  :  A  Series 
of  Deaigna.  Bf  Johh  SruLroRTir,  Archiloct.  loa  BograTinga.  Btcood  Edi- 
tion, medlam  ^to,  £a,  17B.  6d. 

STATISTICAL  ACCOUNT   OF  SCOTLAND.    Complete,  with 

Indei,  ij  vola.  Svo,  £16,  i6s. 
Bach  Coniit7Bold  aeparately,  with  Title.  Index,  and  Hap,  neatlf  bound  In  cloth, 
forming  a  vary  valnable  Mannal  to  the  Landowner,  the  Tenant,  the  Maim&ic- 
tnrer,  the  Natnraliat,  the  Tonilat,  Ac, 

STODDART.  Angling  Songs.  By  Thomas  Tod  STonOABT.  New 
Edition,  with  a  Memoir  bj  Anna  U.  Stoddart.    Crown  Svo,  7a.  iSd. 

STRICKLAND.     Life  of  Agnes  Strickland.     By  her    Sister. 

Poat  Bvo,  with  Portrait  engraved  on  8tesl,  iia.  6d, 
STURGIS.     John -a -Dreams.     A    Tale.    By  Jdliah   Stdboib. 

New  ESdltlon,  crown  Sto,  39.  ed. 
-■  Little  Comedies,  Old  and  New.    Crown  Svo,  78.  6d, 


In  amrm  <if  nUtoilim. 
STEPHENS'  BOOK  OF  THE  FAitM ;  detailing  th«  Uhovn  of 
Ui«  tumar,  Ftnn-flMwMil,  Plonghmia.  Oisphenl,  Badgu,  VMm-I^boaiv, 
Flsld-Worker,  and  Ctttlemm.  lUnitntad  with  nnmaroni  Ptwttaita  ot  Ail> 
mJiUuid  KnparlngiorimplanuDU.  Foorth  Bditloo.  BeTlMd,  kad  In  (tMt 
part  rcinitteabf  iluiES  HAOiraiiuJ),  of  the  '  Fuming  World,' *e^  Ac  At- 
■iited  br  mtnj  d  th«  leading  igrlcoltntal  authorltlN  ot  tha  daj.  A  ba  «i^ 
plated  In  Six  Dlvlalonal  Volunea. 

[Divinoiul.,  II.,  and  III.,  pria  tut.  td.  toA,  noD  naig. 

—^^     The  Book  of  Farm  Buildings  j  their  Anangement  aod 

Oonitrootlon.    By  Bikbt  firiFHEn,  RREK.,  Aothor  of  'nia  Book  of  tki 

Farm;'  and  Boant  Scott  Btiaa.     lUoftraUd  with  1045  Ratca  and  Ka- 

gntvliuci.    Latgeavo,aiiUormwltb'TheBaolcaftharana.'feo.    j(i,  iia.ed. 

The  Book  of  Form  Implemenu  and  Machines.    Br  J. 


SuDHT  and  B.  Bomr  Bukm,  EnglDcera.    Sdltad  br  Hnai  SrawtMW.    £•!(• 
Sto.  nnUorm  with  ■  The  Book  01  the  Farm,'  £1,  aa. 

STEVENSON.    BritiMh  Fungi.   (Hymenomycetea.)    By  Hot.  Johf 
BTavEmoM,  Anthor  of 'Hfcologla  Bootla,'  Bon.  Sec.  Oijpto^mio  Social  of 
Scottaud.    ■  Tola,  poit  Sto,  with  Illtuttatloni,  piio*  !■«.  6d.  mth. 
Vol.  I.  AauicDB— BoLBmci.    Vol.  II.  Oobtikabid*— DAorirroBa, 

STEWART.  Advice  to  Purchasen  of  Hones.  By  Joeh  Sikwabt, 
V.B.,  ADthoTofBUbleEoauam;.'    New  Edition,    is.  6d. 

Stable  Economy.      A  Treatise  on  the  Uanageme&t  of 

BorM*  in  talatlon  to  Stabling,  Orooning,  Feeding,  Watering,  and  WoridBt. 
BrJoHHanwABT,  V.8.    SeTeoth  Kdltlon,  fcap.  8vo,  6a.  fid. 

STORMONTH.  Etymological  and  Pronouncing  Dictionary  of  the 
Bogllih  lAngoi^  Inelodlng  a  t«xj  Ooplona  Snlsetion  of  BdentiBe  Tenai. 
For  CislaSchDoUandCoUegea,  aadaaa  BookotQeaeralBeferenoa,  By  the 
BeT.  Juiaa  BroiuioirrB.  The  Pronnnelatlon  eanfully  BeTlaed  bj  tha  Bar. 
P.  H.  Fhelp,  H.A.  CanUb.  Tenth  Bdltlon,  Bevieed  throoghont.  Orawn 
evo,  pp.  Boo.    7«.  ed. 

——^—  Dictionary  of  the  English  Language,  Pronouncing, 
Etf  mologiul,  and  Explanator;.  Beriaed  by  the  R«t.  P.  B.  Fhklf.  Llbiaiy 
Bdltlon.    Imperial  Svo,  handaomely  bound  In  half  caoroaco,  3i>.  6d. 

The  School  Etymological    Dictionary    and    Word-Book. 

Poanli  Edition.    Fcap.  Svo,  pp.  154.    ii. 

STORY.     Nero  ;  A  HUtorical  PUy.    By  W.  W.  Stobt,  Aathor  of 

'  BoIm  dl  Rotoa.'    Fcap.  8to,  6*. 
Vallombroaa.    Post  8to,  Sb. 

He  and  She ;    or,  A  Poet's  Portfolio.    Fcap.  3a.  6d. 

Poems.     2  vols,  fcap.,  ya.  6d. 

■  Fiammetta.  A  Summer  Idyl.  Crown  Svo,  78,  6d. 
SUTHERLAND.  Handbook  of  Hardy  Herbaceous  and  Alpine 
Flowers,  for  general  Qurden  Decoration.  Containing  Dsicriptioos  of  np- 
wards  of  100a  Species  of  Ornamental  Hardy  Ferennlil  and  Alpine  FLanta; 
alnng  with  Conctge  and  Plain  Instructloas  for  thElr  Propagation  and  Colttir*. 
By  WiLLiAU  SuTUEiLLAiiD,  LAndicapo  Gardener ;  formatlj  Hanager  of  th* 
UerbaceoQB  Department  at  Kew.     Crown  Bto.  7a.  6d. 

TAYLOR.    The  Story  of  My  Life.    By  the  late  Colonel  Meadows 

Tavloh,   Author  of  'The  Confeaeloni  of  a  Thug,'  Ac  Ac.     Sdltad  b;  hit 
Daiialitei.     Now  and  cheaper  KdltioD,  being  the  Fourth.    Crown  Svo,  6a. 

THOLUCK.    Hours  of  ChriBtian  Devotion.    Translated  from  the 

German  of  A.  Tholncfc,  D,D.,  Profesior  of  Theology  In  the  UnlreraitJT  orHaDe. 
By  the  Bbv.  BonaitT  Masztra.  D.  D.  With  a  Prefcce  written  for  tbU  Tranala- 
tian  by  the  Author.  Second  Edition,  crown  Bro,  71,  fid. 
THOMSON.  Handy  Book  of  the  Flower-Garden  :  being  Practical 
D  i  recti  on  ■  for  the  Propagation,  Culture,  and  Arrangement  of  Fiaota  In  Flown- 
Oardeniall  the  year  round.  With  Engraied  Plana,  lUnattatlTe  of  the  *arlou 
Bystemi  of  Qrouping  In  Bed*  and  Border*.  By  David  Thohsoii,  Oardeiwr 
to  bla  Grace  the  Duke  of  Buccleach,  K.T.,  at  Drnmlantig.  Fonith  and 
Cheaper  Bdltlon,  crown  Sro,  5B. 


THOMSON.    ThefeandyBookofFruit-OHltureunderGlaM:  being 

a  sertea  of  EUborite  Ptactlcil  Trotlaai  on  the  OiilUvatlon  and  forcing  of 
Ftaeg,  71noa,  Feachu,  Flgi,  Jfeloni,  Btrawberrtui.aDd  CQanmbora.  With  En- 
gnTlDgs  of  Hirtlioiuea,  Slo.,  moat  aoltable  for  tbe  Cultivation  and  Forolng  of 
theas  Pmlta.  Bt  David  Tbouboh,  Qsrdenar  to  h!i  Qraca  th«  Dnks  of  Bao- 
cleaoh,  K.T.,  at  DrnmlaniLg.    Second  Kd.    Ci.  Svo,  with  BnnnTliiga,  jt,  6d. 

THOUSON.  A  Practical  Treatifle  oa  the  Cultivation  of  tbe  Qrape- 
Vlne.    By  Willuh  Thdusok,  Tweed  Vinerarda.    Ninth  Bditlon,  Bro,  <*. 

THOMSON.  Cookery  for  the  Sick  and  ConvalcBcent.  With 
DirscUoni  for  the  Praparatlon  of  Foaltle«i,  Fomentatloni,  fto.  B7  "^iBlll 
TaoMBOH.    Fcap.  8to,  k.  ed. 

THOTH.    A  Romance.    Third  Edition.     Crown  Svo,  4B.  6d. 

By  Ikt  Sanu  Author. 

A    DBEAUER   OF  DREAUS.     A    Modem   Romuiea.      8«ooiid 
Edition.    Croiro  Svo,  6§. 
TOM    CBINGLE'S    LOG.      A  New  Edition,  with  lUnetrations. 

Grown  gvo.  oloth  gilt,  51.    Cheap  KdltloQ,  ai. 
TRANSACTIONS    OF    THE    HIGHLAND   AND    AGKICUL- 

TUBAL  SOCIffTT  OF  SCOTLAND.     Pnbllihed  aannallT,  price  51. 

TULLOCH.  Rational  Theology  and  Christian  Philosophy  in  Eng- 
laud  Id  tbe  Seventeenth  Csotiirr.  Br  John  TnLLOCH,  D.D.,  Prlnolpal  of  St 
UaiT'a  OoUege  In  tbe  Unlvsraitr  of  St  Andnwa;  and  one  of  her  lf«]>itr'( 
OhapUina  In  Ordlnaiy  In  Scotland.    Second  Edition.    1  rola.  Sro,  i£«. 

— ^—    Modem  llieories  in  Philosophy  and  Religion.    8vo,  ija. 
■  -  '     Luther,  and  other  Leaders  of  the  Befonnstion,     rniird 
GdltiOD,  enlarged.    Grown  Bto,  3a.  6d. 

Memoir    of   Principal    Tulloch,    D.D.,  LL.D.      By  Mrs 

OuPBAHT,  Author  of  '  Lira  of  Edward  Irving.'  Third  and  Chaaper  Edition. 
8V0,  with  Portrait.     78.  6d. 

TWO  STORIES  OF  THE  SEEN  AND  THE  UNSEEN.    'The 

OrKS  Door.'  '  Old  Lu>t  Habt.'    Crown  8to,  clotb,  aa.  6d. 

VEITCH.  Inatitutea  of  Logic.  By  John  Vbitch,  LL.D.,  Pro- 
(eaaorof  LogloandEbetorlc  In  the  DnlieraltT  of  Glasgow,    Poatlva,  131.  M. 

-—  The  Feeling  for  Nature  in  Scottish  Poetry,  From  the  Ear- 
liest Tlmea  to  the  Present  Da;.    3  vola.  fcap.  Svo,  in  roiburghe  binding,   ija. 

■  -    Merlin  and  Other  Poems.    Fcap.  Svo.  4s.  6d. 

Knowing  and  Being,     Essays  in  Philosophy.     First  Series. 

Crown  Svo,  Ss. 

VIRGIL.  The  .£neid  of  Virgil.  Translated  in  English  Blank 
Tana  brO.  K.ItioKAKr>«,l(.A. , and  Lord  EtAVivewDBTB.  iToli.rcap.  Bvo.ioe. 

WALFOBD,  A  Stifif-Necked  Generation.  By  L,  B.  Waltobd, 
Antbor  of  '  Ml  Smith ;  A  Part  ot  hit  Life,'  Ac  New  and  Cheaper  Edition. 
In  I  ToL  crown  Svo,  6a. 

Four  Biographies  from  '  Blackwood ' :  Jane  Taylor,  Hon- 

oab  Hore,  Ellubath  Ftt.  If  ary  Somarvllla.    Crown  Svo,  ja. 

WARREN'S  (SAMUEL)  WORKS:— 

Diary  of  a  Late  Physician.    Cloth,  28.  6d. ;  boards,  2s, 

Ten  Thousand  A- Year.    Cloth,  3s.  6d, ;  boards,  2a.  6d, 

Now  and  Then.    The  Lily  and  &e  Bee.    Intellectual  and  Moral 

Davelopment  of  the  Preaent  A^.    4*.  6d 
Essays :  Critical,  Imaginative,  and  Juridical,    5B. 
WARREN.      The  Five  Books  of  the   Psalms.      With  Marginal 
Notes.    Bt  Rev.  SAKOn.  L.  Wabbim,  Ractor  of  Eaber,  Sam; ;  lata  Fallow, 
Dean,  and  Dlvtnitj  Leatorer,  Wadbam  Ootlaga.  Oxford.   Grown  Bro,  B(. 
WEBSTER.    The  Angler  and  the  Loop-Rod.    By  David  Wbbbtbb. 

Crown  Bvo.  with  lUnatntlons,  ja.  (d. 
WELLINGTON.    Wellington  Pnie  Essays  on  "the  Syatem  of  Field 
Hanrenvrea  baat  adapted  for  enabling  our  TroopB  to  meet  a  Omitliiental  Ann*." 
Edited b7 Llaiit..Qenaral Sir Bdwabb Bboci HAMi.Er,  K.C.B,    Bvo,  laa.M. 
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WENLEY.  Socrates  and  ChrUt :  A  Study  in  the  Philosophy  of 
Baligloii.  Bf  &.  M.  Wkhut  ILA^  Leotarer  od  Hantml  uid  Kanl  nUno- 
^T  In  Qneeo  MMgmt  CoUega,  OlMgow ;  ExvniiMr  la  Phllowphj-  In    h» 

tJnlvuiltr  ot  Oluguw.     Crown  8vo,  M. 

WERNER.  A  Viait  to  StanleVa  Rear-Guard  at  Miyor  Bartte- 
lot'e  Camp  OD  the  Arabwlml.  With  an  Account  of  River-Lire  on  tha  Conao. 
Bf  J.  R.  WERNEB,  F.B.O.S,,  Bngbieer,  late  Id  the  8«rrice  of  the  Etat  Inde- 
pendut  du  Coogo.    With  lun/rortr*lta  uid  other  IllnitnUon*.    Bra.    lOa, 
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